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12-1. 


Starting from rest, a particle moving in a straight line has an 
acceleration of a = (2t — 6) m/s”, where t is in seconds. What 
is the particle’s velocity when t = 6 s, and what is its position 
when t= 11s? 


SOLUTION 
a=2t-—6 
dv = a dt 


v t 
f w= [a-oa 
0 0 


v=ť-— 


ds = vdt 


Ss t 
fa- fe-oa 
0 0 


3 
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12-2. 


If a particle has an initial velocity of vg = 12 ft/s to the 
right, at sọ = 0, determine its position when ¢ = 10s, if 
a = 2 ft/s’ to the left. 


SOLUTION 


1 2 
S = So T ee 


= 0 + 12(10) + T 2)(10} 


= 20 ft 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


12-3. 


A particle travels along a straight line with a velocity 
v = (12 — 327) m/s, where t is in seconds. When f = 1 s, the 
particle is located 10 m to the left of the origin. Determine 
the acceleration when t= 4 s, the displacement from 
t = Otot = 10s, and the distance the particle travels during 
this time period. 


SOLUTION 
v = 12 - 30? 


6t|,-4 = -24 m/s? 


Ss td t 
J ds = foa = f 02- 3e)ae 
—10 q 1 


10 = 12 — ť — 11 


s = 12t — t — 21 
s|:=0 = —21 


S|r=10 = —901 


As = —901 — (—21) = —880 m 


From Eq. (1): 


v = 0 when t = 2s 


s|;22 = 12(2) — (2) - 21 = -5 


sp = (21 — 5) + (901 — 5) = 912m 
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*12-4, 
A particle travels along a straight line with a constant 


acceleration. When s = 4 ft, v = 3 ft/s and when s = 10 ft, 
v = 8 ft/s. Determine the velocity as a function of position. 


SOLUTION 


Velocity: To determine the constant acceleration a., set sy = 4 ft, vg = 3 ft/s, 
s = 10 ft and v = 8 ft/s and apply Eq. 12-6. 


(5) v = v + 2a,(s — 59) 


8? = 3 + 2a, (10 — 4) 
a, = 4.583 ft/s? 


Using the result a, = 4.583 ft/s’, the velocity function can be obtained by applying 
Eq. 12-6. 


+ 2a.(s — So) 


= 3? + 2(4.583) (s — 4) 


v = (V9.17s — 27.7) ft/s 


Ans: 
v = (V9.17s — 27.7) ft/s 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


12-5. 


The velocity of a particle traveling in a straight line is given 
by v = (6t — 3) m/s, where t is in seconds. If s = 0 when 
t = 0, determine the particle’s deceleration and position 
when t = 3 s. How far has the particle traveled during the 
3-s time interval, and what is its average speed? 


SOLUTION 
v = 6t — 30? 


dv 
=—=6-6 
a it t 


Att = 3s 
a = -12m/s’ 


ds = vdt 


5 t 
fo = f (6t — 3t?)dt 
0 0 


s=3?-f 


Att=3s 


Since v = 0 = 6t — 317, when t = Oandt = 2s. 


whent = 2s, s = 3(2 — 2 =4m 


sp=44+4=8m 


8 
a a 2.67 m/s 


Ans: 
ar = 8m 
Vavg = 2.67 m/s 
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12-6. 


The position of a particle along a straight line is given by 
s = (1.50 — 13.517 + 22.51) ft, where t is in seconds. 
Determine the position of the particle when t = 6s and the 
total distance it travels during the 6-s time interval. Hint: 
Plot the path to determine the total distance traveled. 


SOLUTION 


Position: The position of the particle when t = 6s is 


sles = 1.5(6°) — 13.5(6") + 22.5(6) = —27.0 ft Ans. 


Total DistanceTraveled: The velocity of the particle can be determined by applying 


Eq. 12-1. z ee 
O 
v = 8 = 4502 — 2701 + 22.5 g : D 


dt S 


Ro sa a Se ee ee ee ee es eh 
480 Ft | 


S:-375ft S=27ott =0 S=/05ft 
4.50 — 27.0t + 22.5 = 0 t55 te 6S fso t=/s 


The times when the particle stops are 


t=1s t=5s 


The position of the particle at t = 0s,1s and 5 s are 


sẹ-os= 1.5(0°) — 13.5(0?) + 22.5(0) = 0 


slais= 1.5(13) — 13.5(12) + 22.5(1) = 10.5 ft 


sli-ss= 1.5(5°) — 13.5(5?) + 22.5(5) = —37.5 ft 


From the particle’s path, the total distance is 


Sto. = 10.5 + 48.0 + 10.5 = 69.0 ft 


Ans: 
s|- = —27.0ft 
Stot = 69.0 ft 
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12-7. 


A particle moves along a straight line such that its position 
is defined by s = (2 — 6t + 5) m. Determine the average 
velocity, the average speed, and the acceleration of the 
particle when t = 6s. 


SOLUTION 
s=Pr-6+5 


ds 
=—=2t-6 
Oat 


dv 
a=—= 
dt 


v = Owhent = 3 
s|0 = 5 
s|=3 = 


S|i=6 = 


Ans: 
Vavg = 0 


(Usp)ave =3 m/s 


a|i-6s = 2 m/s* 
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*12-8. 


A particle is moving along a straight line such that its 
position is defined by s = (10/7 + 20) mm, where t is in 
seconds. Determine (a) the displacement of the particle 
during the time interval from t = 1s to t = 5s, (b) the 
average velocity of the particle during this time interval, 
and (c) the acceleration when ¢ = 1s. 


SOLUTION 
s = 100 + 20 


(a) sls = 10(1)* + 20 = 30mm 


sls, = 10(5)? + 20 = 270 mm 
As = 270 — 30 = 240 mm 
(b) At=5—-1=4s 


240 
— = — = 60 mm/s 
t 4 


ds 
(c) a= ae 20 mm/s? (for all t) 


Ans: 
As = 240 mm 
Vavyg = 60 mm/s 


a = 20mm/s” 
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12-9. 


The acceleration of a particle as it moves along a straight 
line is given by a = (2t — 1) m/s’, where t is in seconds. If 
s=1m and v=2m/s when t=0, determine the 
particle’s velocity and position when t= 6s. Also, 
determine the total distance the particle travels during this 
time period. 


SOLUTION 
a=2t—1 
dv = a dt 


fe = fo — 1)dt 


v=t—-t+2 


dx = v dt 


AY d 
fon [e-i nae 
t 0 


When t = 6s 

v = 32m/s 

s= 67m 

Since v # 0 for0 = t = 6s, then 


d = 67 — 1 = 66m 
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12-10. 


A particle moves along a straight line with an acceleration 
of a= 5/(3s!} + s*/*) m/s’, where s is in meters. 
Determine the particle’s velocity when s = 2 m, if it starts 
from rest when s = 1m. Use a numerical method to evaluate 
the integral. 


SOLUTION 


5 


ads = vdv 


i 5 ds 
1 (3s: Se s?) 


0.8351 L 
‘i =y 
2 


v = 1.29 m/s 


Ans: 
v = 1.29 m/s 
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12-11. 


A particle travels along a straight-line path such that in 4 s 
it moves from an initial position s, = —8m to a position 
Sg = +3m. Then in another 5 s it moves from sg to 
Sc = —6m. Determine the particle’s average velocity and 
average speed during the 9-s time interval. 


SOLUTION 


Average Velocity: The displacement from A to C is As = sc — Sa = —6 — (—8) 
=2m. 


As 2 
Vave = ko eee 0.222 m/s Ans. 


Average Speed: The distances traveled from A to B and B to C are sy_.z = 8 + 3 
= 11.0 mand sz-.c = 3 + 6 = 9.00 m, respectively. Then, the total distance traveled 
IS Stop = SA>B + Sg>c = 11.0 + 9.00 = 20.0 m. 


ST 20.0 
(Usp)ave = a —a45° 2.22 m/s 


a ang 


faa l ened a 


+H 


y=-8m $7 -0m S0 Sy23m 


Ans: 
Vayg = 0.222 m/s 
(Usp)avg = 2.22 m/s 
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*12-12. 


Traveling with an initial speed of 70 km/h, a car accelerates 
at 6000 km/h? along a straight road. How long will it take to 
reach a speed of 120 km/h? Also, through what distance 
does the car travel during this time? 


SOLUTION 

v= v + at 

120 = 70 + 6000(4) 

t = 8.33(107°) hr = 30s 


y= uy + 2ads — sı) 


(120)? = 70° + 2(6000)(s — 0) 


s = 0.792 km = 792m 
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12-13. 


Tests reveal that a normal driver takes about 0.75 s before 
he or she can react to a situation to avoid a collision. It takes 
about 3 s for a driver having 0.1% alcohol in his system to 
do the same. If such drivers are traveling on a straight road 


at 30 mph (44 ft/s) and their cars can decelerate at 2 ft/s”, 
determine the shortest stopping distance d for each from 
the moment they see the pedestrians. Moral: If you must 
drink, please don’t drive! 


SOLUTION 


Stopping Distance: For normal driver, the car moves a distance of 
d' = vt = 44(0.75) = 33.0 ft before he or she reacts and decelerates the car. The 
stopping distance can be obtained using Eq. 12-6 with sọ = d’ = 33.0 ft and v = 0. 


t 2a. (S — So) 


0? = 447 + 2(—2)(d — 33.0) 
d = 517 ft Ans. 


For a drunk driver, the car moves a distance of d' = vt = 44(3) = 132 ft before he 
or she reacts and decelerates the car. The stopping distance can be obtained using 
Eq. 12-6 with sọ = d’ = 132 ft and v = 0. 


F 2a, (s > So) 


0? = 447 + 2(—2)(d — 132) 


d = 616 ft 


Ans: 
Normal: d = 517 ft 
drunk: d = 616 ft 
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12-14. 


The position of a particle along a straight-line path is 
defined by s = (P — 6? — 15t + 7) ft, where t is in seconds. 
Determine the total distance traveled when f = 10 s. What 
are the particle’s average velocity, average speed, and the 
instantaneous velocity and acceleration at this time? 


SOLUTION 
6t? — 15t 


ds 
eS 
dt 


= 37 — 12t 


When t = 10s, 
v = 165 ft/s 


dv 
— = ót — 12 
dt 


When t = 10s, 

a = 48 ft/s? 

When v = 0, 

0 =3ť — 12t — 15 

The positive root is 

t= 5s 

When t = 0, s=7ft 
When t = 5s, s = —93 ft 
When t = 10s, s = 257 ft 


Total distance traveled 


Sp = 7+ 93 + 93 + 257 = 450 ft 


297 =T 
10-0 


= 25.0 ft/s 


= ST = 450 pa 
(vsp) aa = At = To = 45.0 ft/s 


Ans: 

v = 165 ft/s 

a = 48 ft/s 

Sr = 450 ft 

Vavg = 25.0 ft/s 
(Usp)ave = 45.0 ft/s 
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12-15. 


A particle is moving with a velocity of vọ when s = 0 and 
t = 0. If it is subjected to a deceleration of a = —kv’, 


where k is a constant, determine its velocity and position as 
functions of time. 


SOLUTION 


1 ye 


1 1/2 
2 
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*12-16. 
A particle is moving along a straight line with an initial 
velocity of 6 m/s when it is subjected to a deceleration of 


a = (~1.5v'/?) m/s’, where v is in m/s. Determine how far it 
travels before it stops. How much time does this take? 


SOLUTION 


Distance Traveled: The distance traveled by the particle can be determined by 
applying Eq. 12-3. 


we 


a 


° v 
1 = 
6m/s —1.5v2 


~0.6667 v2 dv 


(~oan m 6.532) m 


3 


When v = 0, s= -osaaa( 03) + 6.532 = 6.53 m 
Time: The time required for the particle to stop can be determined by applying 
Eq. 12-2. 


dv 


dt = 


a 
t v 
d 
ee eres 
0 6m/s 1.52 


t= ~1.333( oes = (3.266 = 13330!) 


t = 3.266 — 1333( 0!) = 327s 
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12-17. 


Car B is traveling a distance d ahead of car A. Both cars are 
traveling at 60 ft/s when the driver of B suddenly applies the 
brakes, causing his car to decelerate at 12 ft/s’. It takes the 
driver of car A 0.75 s to react (this is the normal reaction 
time for drivers). When he applies his brakes, he decelerates 
at 15 ft/s’. Determine the minimum distance d be tween the 
cars so as to avoid a collision. 


SOLUTION 


For B: 
(45) v= vo + at 
vg = 60 — 12t 


1 
(4) s = so + vot + 5 act 


1 
sp = d + 60t -302 


For A: 
(5) v = vo + act 


v4 = 60 — 15(t — 0.75), [t > 0.75] 


1 
(4) s = so + vot + 5 act” 


sa = 60(0.75) + 60(t — 0.75) > (15) (t — 0.75}, [t > 0.74] 


Require v4 = vg the moment of closest approach. 


60 — 12t = 60 — 15(t — 0.75) 


t = 3.75s 

Worst case without collision would occur when s4 = Sp. 

Att = 3.75 s, from Eqs. (1) and (2): 

60(0.75) + 60(3.75 — 0.75) — 7.5(3.75 — 0.75} = d + 60(3.75) — 6(3.75} 
157.5 = d + 140.625 


d = 16.9 ft 


Ans: 
d = 16.9 ft 
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12-18. 
The acceleration of a rocket traveling upward is given by 
a = (6 + 0.02s) m/s”, where s is in meters. Determine the 


time needed for the rocket to reach an altitude of 
s = 100 m. Initially, v = 0 and s = 0 whent = 0. 


SOLUTION 
ads = v dv 


[ (6+ 0028) as = [rw 
0 0 


1 
6s + 0.01 57 = el 


v = V12s + 0.02 s* 


ds = v dt 


100 t 
d 
| u e | i 
0 125 + 0.02 s? 0 


12 -= 
In | vies + 0.02s? + sV0.02 + | t 


1 
V 0.02 2V 0.02 Jo 


t = 5.62s 
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12-19. 


A train starts from rest at station A and accelerates at 
0.5 m/s? for 60 s. Afterwards it travels with a constant 
velocity for 15 min. It then decelerates at 1 m/s? until it is 
brought to rest at station B. Determine the distance 
between the stations. 


SOLUTION 


Kinematics: For stage (1) motion, vo = 0, sọ = 0, t = 60 s, and a, = 0.5 m/s”. Thus, 


a S = So egrilar 
> 


1 
s =O0+0+ 70-560) = 900 m 


v= Vo at 


vı = 0 + 0.5(60) = 30 m/s 
For stage (2) motion, vo = 30 m/s, sy = 900 m, a, = 0 and t = 15(60) = 900 s. Thus, 
+ 7 12 
(i) Sa Ue ae 
s2 = 900 + 30(900) + 0 = 27 900 m 


For stage (3) motion, vo = 30 m/s, v = 0, sọ = 27 900 m and a, = —1 m/s”. Thus, 


(4) T 


0 = 30 + (-1)t 


t = 30s 


1 2 
S = So + Vot + 5lad 


s3 = 27900 + 30(30) 4 k 1)(307) 


= 28 350m = 28.4 km 


Ans: 
s = 28.4km 
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*12-20. 


The velocity of a particle traveling along a straight line is 
v = (307 — 6t) ft/s, where t is in seconds. If s = 4 ft when 
t = 0, determine the position of the particle when t = 4s. 
What is the total distance traveled during the time interval 
t = Otot = 48? Also, what is the acceleration when t = 2 s? 


SOLUTION 


Position: The position of the particle can be determined by integrating the kinematic 
equation ds = v dt using the initial condition s = 4 ft when t = 0s. Thus, 


(Z) ds = vdt 


a = (32 ş 6t)dt ee ee ee e er CC) 
k [ . t=Zs_%~ +205 t=45 


Ss = (t? — 3w) 


4ft 0 oO + Zo 


s = (P - 3P + 4) ft (A) 


SCH) 


Whent = 4s, 


slas = 4 — 3(4) + 4 = 20ft Ans. 


The velocity of the particle changes direction at the instant when it is momentarily 
brought to rest. Thus, 


v = 37 — 6t =0 
t(3t — 6) = 0 
t = Oandt = 2s 
The position of the particle at t = 0 and 2 s is 


sh, = 0 - 3(0?) +4 = 4ft 


s, = 2 - 3(27) +4 =0 


Using the above result, the path of the particle shown in Fig. a is plotted. From this 
figure, 


Stop = 4 + 20 = 24 ft Ans. 


Acceleration: 


d d 
(4) a=" = 7 GP- 6) 


a = (6t — 6) ft/s? 
When t = 2s, 


alj-2, = 6(2) - 6 = 6 ft/s? > 
Ans: 


STot — 24 ft 
alas = 6 ft/s* > 
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12-21. 


A freight train travels at v = 60(1 — e“) ft/s, where t is the 
elapsed time in seconds. Determine the distance traveled in 
three seconds, and the acceleration at this time. 


SOLUTION 
v = 60(1 — e 


s 3 
fo = foa = I 60(1 — e‘)dt 
0 0 


s = 60t + ep 
s = 123 ft 


_ dv =f 
a= -y = eÀ 


Att=3s 


a = 60e ? = 2.99 ft/s? 


Ans: 
s = 123 ft 
a = 2.99 ft/s? 
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12-22. 


A sandbag is dropped from a balloon which is ascending 
vertically at a constant speed of 6 m/s. If the bag is released 
with the same upward velocity of 6 m/s when t = 0 and hits 
the ground when ¢ = 8 s, determine the speed of the bag as 
it hits the ground and the altitude of the balloon at this 
instant. 


SOLUTION 


1 
(+1) S = so + vot + 5 act? 


h = 0 + (-6)(8) + 5 (98118) 


= 265.92 m 


During t = 8s, the balloon rises 


h' = vt = 6(8) = 48m 


Altitude = h + h’ = 265.92 + 48 = 314m 
(+1) = vo + a.t 


—6 + 9.81(8) = 72.5 m/s 


Ans: 
h = 314m 
v = 72.5 m/s 
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12-23. 


A particle is moving along a straight line such that its 
acceleration is defined as a = (—2v) m/s”, where v is in 
meters per second. If v = 20 m/s when s = 0 and t = 0, 
determine the particle’s position, velocity, and acceleration 
as functions of time. 


SOLUTION 


S t 
I ds = v dt = f (20e ™)dt 
0 0 


s = —10e'|} = -10(e~ — 1) 


s = 10(1 — e”) m 
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*12-24, 


The acceleration of a particle traveling along a straight line 


. 1 1/2 . . 
is a= zs m/s’, where s is in meters. If v = 0,s = 1 m 


when t = 0, determine the particle’s velocity at s = 2 m. 


SOLUTION 


(4) 


When s = 2m,v = 0.781 m/s. 


Ans: 
v = 0.781 m/s 
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12-25. 


If the effects of atmospheric resistance are accounted for, a 
falling body has an acceleration defined by the equation 
a = 9.81[1 — v?(10~“)] m/s”, where v is in m/s and the 
positive direction is downward. If the body is released from 
rest at a very high altitude, determine (a) the velocity when 
t = 5s, and (b) the body’s terminal or maximum attainable 
velocity (as t > 00). 


SOLUTION 
Velocity: The velocity of the particle can be related to the time by applying Eq. 12-2. 


(+1) dt = — 


t v 
dv 
fa = 5 
0 9.81[1 — (0.01v)*] 
v 


0 
= 1 pi dv i [ dv | 
9.811 J) 20 + 0010) Jp 20 — 0.010) 


1 aae) 
1 = 001v 


9.81t = soin( 


7 100(e91°6" _ 1) 
0.1962 +1 


v 
e 


a) When ż¢ = 5s, then, from Eq. (1) 


100[e?19626) — 1] 


v = 45.5 m/s 
e0 19626) 4 1 / 


0.1962t _ 1 


b) Ift —> œ — 1. Then, from Eq. (1) 


> 
e1962 4. 


Umax = 100 m/s 


Ans: 
(a) v = 45.5m/s 
(b) Vmax = 100m/s 
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12-26. 


The acceleration of a particle along a straight line is defined 
by a = (2t — 9) m/s’, where t is in seconds. At t = 0, 
s = 1m and v = 10 m/s. When t = 9s, determine (a) the 
particle’s position, (b) the total distance traveled, and 
(c) the velocity. 


SOLUTION 
a=2t-9 


v t 
f dv = Í (2t — 9) dt 
10 0 


v-10=P-9t 


v=P-9t+ 10 
S 


fa = f = 9+ 10) a 
1 0 


1 
zt 45° +10¢ 


45°+10t+1 


Note when v = f — 9t + 10 = 0: 


t = 1.298 s andt = 7.701 s 
When ż = 1.298 s, 713m 
When t = 7.701 s, —36.63 m 


When t = 9s, s = —30.50 m 


—30.5m 


(b) so, = (7.13 — 1) + 7.13 + 36.63 + (36.63 — 30.50) 
STot ~ 56.0 m 


(c) v=10m/s 


n i t= 1.2985 


-30.50m Im 


-3b.b3m 2.3m 


Ans: 

(a) s = —30.5m 
(b) Sto, = 56.0 m 
(c) v = 10m/s 
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12-27. 


When a particle falls through the air, its initial acceleration 
a = g diminishes until it is zero, and thereafter it falls at a 
constant or terminal velocity Uf. If this variation of the 
acceleration can be expressed as a = (g/v°¢) (v's -= v’), 
determine the time needed for the velocity to become 
v = 0,/2. Initially the particle falls from rest. 


SOLUTION 
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*12-28. 


Two particles A and B start from rest at the origin s = 0 and 
move along a straight line such that a, = (6t — 3) ft/s? and 
ag = (121? — 8) ft/s’, where t is in seconds. Determine the 
distance between them when ¢ = 4s and the total distance 
each has traveled int = 4s. 


SOLUTION 


Velocity: The velocity of particles A and B can be determined using Eq. 12-2. 


dva = a,dt 


VA t 
f dv, = [ (6t — 3)dt 
0 0 


va = 3t? — 3t 


dug = apdt 


UB t 
[ dvg = I (120? — 8)dt 
0 0 


Vg = 4P — 8t 
The times when particle A stops are 
3° -= 3t=0 t=Osand=1s 
The times when particle B stops are 
4 — 8t=0 t=0sandt = V2s 
Position:The position of particles A and B can be determined using Eq. 12-1. 


ds 4 = vadt 


SA t 
J ds 4 I (307 — 3t)dt 
0 0 
3 


pif 


SA 


dsp ae vpdt 


Sp t 
i, dsg I (4° — 8t)dt 
0 0 


sg = É — 4? 


The positions of particle A att = 1 s and 4s are 


3 
Sa lais = 2 0s 0.500 ft 


3 
Salinas = 4 - 3 (47) = 40.0 ft 
Particle A has traveled 
da = 2(0.5) + 40.0 = 41.0 ft 


The positions of particle B at t = V/2s and 4s are 


Sp lava = (V2} - 4(V2)? = —4 ft 
Sp l-4 = (4f — 4(4) = 192 ft 
Particle B has traveled 
dz = 2(4) + 192 = 200 ft 
Att = 4s the distance beween A and B is 
Asp = 192 — 40 = 152 ft 


S,=~ 05 ft S$, =0 
t=łs t=0s 


Sp=-4.0ft Sp=0 
t=V25 t=0s 


S$, = 40.0 ft 
t=45 


Ans: 

da = 41.0 ft 
dg = 200 ft 
Asap = 152 ft 
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12-29. 


A ball A is thrown vertically upward from the top of a 
30-m-high building with an initial velocity of 5 m/s. At the 
same instant another ball B is thrown upward from 
the ground with an initial velocity of 20 m/s. Determine the 
height from the ground and the time at which they pass. 


SOLUTION 


Origin at roof: 


Ball A: 


+f = so + vot + nae 
2 


{ 
0+ 5t- zC8DE 


1 2 
= So + Vot + 74d 


1 
30 + 20t 5 OBD 


s = 9.62m 

Distance from ground, 

d = (30 — 9.62) = 20.4 m 
Also, origin at ground, 


1 2 
S = s + Vo + zad 


1 
s4 = 30 + 5t + 7-980 


1 
sp = 0 + 20t + 7-9 8De 


Require 


S4 — SB 
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12-30. 


A sphere is fired downwards into a medium with an initial 
speed of 27m/s. If it experiences a deceleration of 
a = (—6t) m/s’, where ¢ is in seconds, determine the 
distance traveled before it stops. 


SOLUTION 
Velocity: vo = 27 m/s at tọ = 0s. Applying Eq. 12-2, we have 


(+4) dv = adt 


At v = 0, from Eq. (1) 
0=27-30 t=3.00s 


Distance Traveled: sọ = 0m at ty = 0 s. Using the result v = 27 — 3¢? and applying 
Eq. 12-1, we have 


(+1) ds = vdt 


J a= I (27 — 3f) dt 
0 0 


s = (27 -#)m 
Att = 3.00 s, from Eq. (2) 


s = 27(3.00) — 3.00° = 54.0 m 
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12-31. 


The velocity of a particle traveling along a straight line is 
v = vo — ks, where k is constant. If s = 0 when t = 0, 
determine the position and acceleration of the particle as a 
function of time. 


SOLUTION 


Position: 


(=) 


Velocity: 
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*12-32. 


Ball A is thrown vertically upwards with a velocity of vo. 
Ball B is thrown upwards from the same point with the 
same velocity ¢ seconds later. Determine the elapsed time 
t < 2v9/g from the instant ball A is thrown to when the 
balls pass each other, and find the velocity of each ball at 
this instant. 


SOLUTION 
Kinematics: First, we will consider the motion of ball A with (v4)ọ = vo, (S4)o = 0, 
SA = h,t4 = t', and (ac) a = =g, 
1 2 
(+1) Sa = (Sa)o + (Va)ota + zoa tA 
' 1 "2 
h= 0 + vot’ + z8) 


E 
h = vot’ — 2? 
Vo 2 


r x 
Om = = æ 


O--~------0 


va = (Valo + (4) ata 
va = vo + (-g)(t’) 
va = Vo — gt! (2) 


The motion of ball B requires (vg)o = vo, (Sg)o = 0, Sg = h, tg = t'— t, and 
(ac)B = "8s 


— 
S 


(+1) SB = (Sg)o + (Va)ota + TOL 


h= 0 + vo(t'— t) +4 x g(t — O? 


& 


h = v(t — t) 


vg = (vg)o + (ac)gtg 
vg = vo + (=8)(t'— t) 
vg = vo — g — t) 
Solving Eqs. (1) and (3), 
& $ a E i 
J5 v(t — t) z€ y 
_ 2w + gt 
ar 
Substituting this result into Eqs. (2) and (4), 


2vo + gt 
va = VTE 2g 


Vot 


t 


ET 
2% TE 


2vo + gt 
= W= E 2g 


1 
— pt 
z8 T 
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12-33. 


As a body is projected to a high altitude above the earth’s 
surface, the variation of the acceleration of gravity with 
respect to altitude y must be taken into account. Neglecting 
air resistance, this acceleration is determined from the 
formula a = —go[R’/(R + y)’], where go is the constant 
gravitational acceleration at sea level, R is the radius of the 
earth, and the positive direction is measured upward. If 
go = 9.81 m/s? and R = 6356 km, determine the minimum 
initial velocity (escape velocity) at which a projectile should 
be shot vertically from the earth’s surface so that it does not 
fall back to the earth. Hint: This requires that v = 0 as 
y> %. 


SOLUTION 


v dv 


V 2(9.81)(6356)(10)° 


11167 m/s = 11.2 km/s 


Ans: 
v = 11.2 km/s 
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12-34. 


Accounting for the variation of gravitational acceleration 
a with respect to altitude y (see Prob. 12-36), derive an 
equation that relates the velocity of a freely falling particle 
to its altitude. Assume that the particle is released from 
rest at an altitude yọ from the earth’s surface. With what 
velocity does the particle strike the earth if it is released 
from rest at an altitude yọ = 500 km? Use the numerical 
data in Prob. 12-36. 


SOLUTION 


From Prob. 12-36, 
R? 
+ = pey 
( 1) 8&0 (R + yy 


Since a dy = v dv 


then 


y d v 
—gy R? f m = Í vdv 
Yo (R + y) 0 


1 v 
R? =— 
§0 F + as 2 


1 1 jet 
R+y R+ yo 2 


§0 RI 


Thus 


goa! 2go (Yo — y) 
(R + y)(R + yo) 


When yọ = 500km, y= 0, 


~6356(103) 1 2(9.81)(500)(10) 
6356(6356 + 500)(10°) 


—3016 m/s = 3.02 km/s | 


20(¥o — Y) 
(R + y)(R + yo) 
Vimp = 3-02 km/s 


v= 
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12-35. 


A freight train starts from rest and travels with a constant 
acceleration of 0.5 ft/s’. After a time ¢’ it maintains a 
constant speed so that when t = 160 s it has traveled 2000 ft. 
Determine the time t’ and draw the v-t graph for the motion. 


SOLUTION 


Total Distance Traveled: The distance for part one of the motion can be related to 
time ¢ = ¢’ by applying Eq. 12-5 with sy = 0 and vp = 0. 


4 santo 
( 2 


1 
s=0+0+5 (0.5)(t')? = 0.25} 


The velocity at time ¢ can be obtained by applying Eq. 12-4 with vp = 0. 


(5) v = vo + adt = 0 + 0.5t = 0.5t (1) 


The time for the second stage of motion ist; = 160 — t’ and the train is traveling at 
a constant velocity of v = 0.5t’ (Eq. (1)).Thus, the distance for this part of motion is 


(4) s2 = vh = 0.5t'(160 — t') = 802’ — 0.5(t')}? 
If the total distance traveled is sto, = 2000, then 
Stot = 51 + S2 
2000 = 0.25(t")? + 80r" — 0.5(t")? 
0.25(t')* — 80¢’ + 2000 = 0 
Choose a root that is less than 160 s, then 


t' = 27.34s = 27.38 Ans. 


v—t Graph: The equation for the velocity is given by Eq. (1).Whent=t' = 27.34s, 
v = 0.5(27.34) = 13.7 ft/s. 


Ans: 
t = 213s. 
When t = 27.3 s, v = 13.7 ft/s. 
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*12-36. 


The s-t graph for a train has been experimentally 
determined. From the data, construct the v-t and a-t graphs 
for the motion; 0 = t = 40 s. For 0 =t S 30 s, the curve is 
s = (0.4) m, and then it becomes straight for f= 30 s. 


SOLUTION 
0S t= 30: 


s = 0.407 


ds 
= — = 0.8t 
v= H 


=2 i 
a dt . 


30 < t = 40: 


600 — 360 
s — 360 —— Je 30) 


s = 24(t — 30) + 360 
oý») 


-B4 oa 


Od 


_ dv 


o dt 


24(t — 30) + 360 
ds 
— = 24 
dt 
w 
í dt 
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12-37. 


Two rockets start from rest at the same elevation. Rocket A 
accelerates vertically at 20 m/s? for 12 s and then maintains 
a constant speed. Rocket B accelerates at 15 m/s? until 
reaching a constant speed of 150 m/s. Construct the a-t, v-t, 
and s-t graphs for each rocket until t = 20 s. What is the 
distance between the rockets when f= 20 s? 


SOLUTION 
For rocket A 
Fort < 12s 
+f va = (wa) + aat 4(5) 
va = 0+ 208 Unis) Sa) s,s mos mott-ta 


= $ Vas 208 
va = 20t 240 f 


tT sa = (sa)o + (va)ot 


1 
sa = 040+ 5200 


s4 = 1077 
When t = 12s, va = 240 m/s 
sa = 1440 m 
Fort > 12s 
va = 240 m/s 
sa = 1440 + 240(t — 12) 
For rocket B 
Fort < 10s 
+1 vg = (vg)o + agt 
Vp = 04 15t Gig 5?) 
vg = 15t 


2 


1 
+t sg = (sp)o + (Vp)ot 4 gn 


1 
sg = 0 + 0 + 3(15) 0° 


Sp = 7507 
When t = 10s, vg = 150 m/s 
Sg = 750m 
Fort > 10s 
vg = 150m/s 
Sp = 750 + 150(t — 10) 
When t = 20s, sa = 3360 m, Sp = 2250 m Ans: 


As = 1110 m = 1.11 km As = 1.11 km 
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12-38. 
A particle starts from s = 0 and travels along a straight line 
with a velocity v = (¢? — 4t + 3)m/s, where ¢ is in 


seconds. Construct the v—t and a-t graphs for the time 
interval 0 < t = 4s. 


SOLUTION 


a-t Graph: 


a = (2t — 4)m/s” 


al,-9 = 2(0) — 4 = —4 m/s? Zz 3 4 


a\,=2 = 0 =(2 t-4) mjs? 


aļli=4s wi 2(4) -4= 4m/s? 
The a—t graph is shown in Fig. a. 


d 
v-t Graph: The slope of the v—t graph is zero when a = r = 0. Thus, 


a=2t-4=0 t=2s 


The velocity of the particle at t = 0 s, 2 s, and 4 s are 


vl-0s = 0? — 4(0) + 3 = 3 m/s 


vl-2s = 2? — 4(2) + 3 = -1 m/s 


via, = 4 — 4(4) + 3 = 3 m/s 


The v—t graph is shown in Fig. b. 


Ans: 

a|=9 = —4m/s* 
a|;=25 = 0 
aliaas = 4 m/s” 
v| <0 = 3m/s 
v|ı=2s = —1m/s 
v|ı=4s = 3m/s 
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12-39. 


If the position of a particle is defined by 
s = [2 sin (7/5)t + 4] m, where ¢ is in seconds, construct 
the s—t, v—t, and a—t graphs for 0 = t = 10s. 


SOLUTION 
Slm) 


S=25iNn (Zt) +4 
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*12-40. 


An airplane starts from rest, travels 5000 ft down a runway, 
and after uniform acceleration, takes off with a speed of 
162 mi/h. It then climbs in a straight line with a uniform 
acceleration of 3 ft/s? until it reaches a constant speed of 
220 mi/h. Draw the s-t, v-t, and a-t graphs that describe 
the motion. 


SOLUTION 
vy, = 0 


mi (1h) 5280 ft 
h (3600 s)(1 mi) 


v = 162 = 237.6 ft/s 


v = y + 2a,(s2 — s1) 

(237.6) = 0° + 2(a.)(5000 — 0) 
a, = 5.64538 ft/s? 

V7 = V + at 

237.6 = 0 + 5.64538 t 

t = 42.09 = 42.1s 


mi (1h) 5280 ft 
h (3600 s)(1 mi) 


v3 = 220 = 322.67 ft/s 


03 = v + 2a,(s3 — s2) 


(322.67) = (237.6)? + 2(3)(s — 5000) 


s = 12 943.34 ft 
V3 = W + at 
322.67 = 237.6 + 3t 


t= 284s 


Ans: 

s = 12943.34 ft 
V3 = U2 + act 
t = 28.4 s 
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12-41. 


The elevator starts from rest at the first floor of the 
building. It can accelerate at 5 ft/s? and then decelerate at 
2 ft/s”. Determine the shortest time it takes to reach a floor 
40 ft above the ground. The elevator starts from rest and 
then stops. Draw the a-t, v-t, and s-t graphs for the motion. 


SOLUTION 

+Î u = v + at 
Umax Z054 

+T V3 U2 + at 


= Umax 7 2b 


OA = 254 


1 
Umaxl2 52) 6 


Te=au4 2a(s — s1) 
Umax = 0 + 2(5)(h — 0) 


Unax = 10h 


0 = hex + 2(-2)(40 — A) 
Var = 160 — 4h 
Thus, 
10h = 160 — 4h 
h = 11.429 ft 
Umax = 10.69 ft/s 
t = 2.138 s 
t = 5.3455 
t=t,+t=7.48s 


When t = 2.145, v = Vmax = 10.7 ft/s 


max 


and h = 11.4 ft. 


V IFA) 


Ans: 

t = 7.48s. When t = 2.14s, 
V = Vmax = 10.7 ft/s 

h = 11.4 ft 
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12-42. 


The velocity of a car is plotted as shown. Determine the 
total distance the car moves until it stops (t = 80s). 
Construct the a-t graph. 


SOLUTION 


Distance Traveled: The total distance traveled can be obtained by computing the 
area under the v — t graph. 


1 
s = 10(40) + 5 (10)(80 — 40) = 600 m Ans. 


d 
a — t Graph: The acceleration in terms of time t can be obtained by applying a = a 
For time interval 0s = t < 40s, d 
dv 
a= = 
dt 


tait Q= 
t— 40 80-40’ 


For time interval 40s < t S 80s, 


d 
a= A = —0.250 m/s? 


For 0<t< 40s,a=0. 


For 40s < t = 80, a= —0.250 m/s’. 


Ans: 

s = 600m. For 0 = t < 40s, 
a = 0. For 40s < t < 80s, 
a = —0.250 m/s? 
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12-43. 


The motion of a jet plane just after landing on a runway 
is described by the a-t graph. Determine the time t’ when 
the jet plane stops. Construct the v-t and s-t graphs for the 
motion. Here s = 0, and v = 300 ft/s when t=0. 


SOLUTION 


v-t Graph. The v-t function can be determined by integrating dv = a dt. 
For 0 = ¢ < 10s,a = 0. Using the initial condition v = 300 ft/s at t = 0, 


v t 
f dv = I 0 dt 
300 ft/s 0 


v — 300 = 0 

v = 300 ft/s Ans. 
(=20) —10 — (—20) 

t-10 20-10 

initial condition v = 300 ft/s at t = 10s, 


vV t 
I dv = (t — 30) dt 


300 ft/s 10s 


a 
For 10s <t< 20s, , a = (t — 30) ft/s’. Using the 


1 t 
v — 300 = G Ê -— 30r) 


10s 


v= {30 — 30t + sso} ft/s 


1 
v = —(207) — 30(20) + 550 = 150 ft/s 
t=20s 2 


For 20s < t < t',a = —10 ft/s. Using the initial condition v = 150 ft/s att = 20s, 


v t 
f dv = f — 10 dt 
150 ft/s 20s 


t 
v — 150 = (—10?) 
20s 


v = (—10t + 350) ft/s 
It is required that at t = t’, v = 0. Thus 
0 = —-10¢' + 350 
t = 35s Ans. 


Using these results, the v-t graph shown in Fig. a can be plotted s-t Graph. 
The s-t function can be determined by integrating ds = v dt. For 0 = t < 10s, the 
initial condition is s = Oatr = 0. 


s t 
n ds = f 300 dt 
0 0 
s = (3004 ft 


At = 10s, 
sl=10s = 300(10) = 3000 ft 
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12-43. Continued 


For 10s < t < 20s, the initial condition is s = 3000 ft at t = 10 s. 


Ss t 
1 
f ds -f ( t — 30t 4 550 Ja 
3000 ft 10s 2 


1 t 
s — 3000 = G 1507 4 ssor) 
6 10s 


1 ad 
s= { gt 1517 + 550t 167} n . V=zt*30t+550 


Att = 20s, 
1 
s= 6 (20°) — 15(207) + 550(20) — 1167 = 5167 ft U=-10t 350 
For 20s < ¢ < 35s, the initial condition is s = 5167 ft att = 20s. 


Ss t 
f ds = | (—10t + 350) dt 
5167 ft 20s 
t 


s — 5167 = (—5ť + 3502) 
20s 


s = {—St? + 350t + 167} ft 


Att = 35s, 


s = —5(35°) + 350(35) + 167 = 6292 ft 
t= 358 
using these results, the s-t graph shown in Fig. b can be plotted. 


SGt) S= ft/s 45504-7147 
S=-5t7435pt +67 


Ans: 

t' = 35s 

For0 <s ż < 10s, 

s = {3007} ft 

v = 300 ft/s 

For 10s < t < 20s, 


1 
g= {te 1507 + 550t 1167} ft 


1 
v= fe — 30t + sso} ft/s 


For 20s < t < 35s, 
s = {—St? + 350t + 167} ft 
v = (—10r + 350) ft/s 
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*12-44, 


The v-t graph for a particle moving through an electric field 
from one plate to another has the shape shown in the figure. 
The acceleration and deceleration that occur are constant 
and both have a magnitude of 4 m/s”. If the plates are 
spaced 200 mm apart, determine the maximum velocity Vmax 
and the time ¢’ for the particle to travel from one plate to 
the other. Also draw the s-t graph. When t = t'/2 the 
particle is at s = 100 mm. 


SOLUTION 


a. = 4 m/s? 


55 100 mm = 0.1 m 


v =u t2a(s — so) 
Vax = 0 + 2(4)(0.1 — 0) 
Umax = 0.89442 m/s = 0.894 m/s 


v = w + at 


f! 
0.89442 = 0 + 4C) 


t' = 0.44721 s = 0.447 s 


1 
s = so + vwt + z acf 


1 
s=0+ 0+ 540 


_ 0.44721 


When t = 0.2236 = 0.224 s, 


s=0.1m 


v 4 
| ds= — p 4 dt 
0.894 0. 


v = —41+1.788 


S t 
| ds = 1 (—4t+1.788) dt 
0.1 0.2235 


s= —22 + 1.788t- 0.2 


When t = 0.447 s, 


s=0.2m 
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12-45. 


The v-t graph for a particle moving through an electric field 
from one plate to another has the shape shown in the figure, 
where t’=0.2s and Umax= 10 m/s. Draw the s-t and a-t graphs 
for the particle. When t = t'/2 the particle is at s = 0.5 m. 


SOLUTION 


For0 < t < O.l1s, 


v = 100t 


dv 
= — = 100 
. dt 


ds = vdt 


S t 
fs = | 100 ¢ dt 
0 0 


s=507 
When t = 0.1 s, 
s=0.5m 


For0.1s < t < 0.28, 
v = —100ż + 20 


dv 
= — = — 100 
“ dt 


ds = vdt 


S t 
fs- f 100 + 20)at 
0.5 0.1 


s — 0.5 = (-50 + 20t — 1.5) 


p= 


When ¢ = 0.1 s, s = 0.5 m and a changes from 100 m/s? 


to —100 m/s?. When t =0.2 s, s = 1 m. 


Ans: 

When t = 0.1 s, 

s = 0.5 m and a changes from 

100 m/s to —100 m/s”. When t = 0.2 s, 
s=1m. 
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12-46. 


The a-s graph for a rocket moving along a straight track has 
been experimentally determined. If the rocket starts at s = 0 
when v = 0, determine its speed when it is at 
s = 75 ft, and 125 ft, respectively. Use Simpson’s rule with 
n= 100 to evaluate v at s = 125 ft. 


SOLUTION 
0=s < 100 


75 ft, v = V 750 = 27.4 ft/s 
100 ft, v = 31.623 
ads 


v 125 
f vdv= f [5 + 6(Vs — 10)*] ds 
31.623 1 


00 


1 gl 
=v = 201.0324 
31.623 


v = 374 ft/s 


a (ft/s) 


Ans: 


v 


v 


s=75ft 


s=125 ft 


= 274 ft/s 


= 374 ft/s 
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12-47. 


A two-stage rocket is fired vertically from rest at s = 0 with 
the acceleration as shown. After 30 s the first stage, A, burns 
out and the second stage, B, ignites. Plot the v-t and s-t 
graphs which describe the motion of the second stage for 
0=r=60s. 


SOLUTION 


v-t Graph. The v—t function can be determined by integrating dv = a dt. 


12 2 
For0 = ¢t < 30s,a = 30° = (2:) m/s’. Using the initial condition v = 0 at t = 0, 


v t 
2 
fa- fira 
0 05 
1 
v= {te} m/s 


Att = 30s, 


1 
v = 3030") = 180 m/s 


t=30s 


For 30 < t = 60s,a = 24 m/s’. Using the initial condition v = 180 m/s at t= 30 s, 


t 
f "dy = f 24 dt 
180 m/s 30s 


t 
v — 180 = 24t 
30s 


v = {24t — 540} m/s 
Att = 60s, 


v = 24(60) — 540 = 900 m/s 
t= 60s 


Using these results, v—t graph shown in Fig. a can be plotted. 


s—t Graph. The s—r function can be determined by integrating ds = v dt. For 
0 <t < 30s, the initial condition is s = 0 att = 0. 


S-t S4fotthe 


Att = 30s, 


1 
s = — (30°) = 1800 m 
t=30s 15 ( 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


12-47. Continued 


For 30s < t < 60s, the initial condition is s = 1800 m at t= 30s. 


s t 
7 ds = | (24t — 540)dt 
1 


800 m 30s 


t 
s — 1800 = (1217 — 5402) 
30s 


s = {1207 — 540¢ + 7200} m 


Att = 60s, 


s = 12(60?) — 540(60) + 7200 = 18000 m 
t= 60s 


Using these results, the s—t graph in Fig. b can be plotted. 


Ans: 
For 0 = t < 30s, 


“(im 
1 


For 30 = t < 60s, 
v = {24t — 540} m/s 
s = {120 — 540¢ + 7200} m 
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*12-48. 


The race car starts from rest and travels along a straight 
road until it reaches a speed of 26 m/s in 8 s as shown on the 
v-t graph. The flat part of the graph is caused by shifting 
gears. Draw the a-t graph and determine the maximum 
acceleration of the car. 


SOLUTION 
ForO =t<4s 
a= Sta Ba asm/? 
For4s =<t<5s a(s?) 
p= 
At 
For 5s < ¢t< 8s 
a= Av _ 26-14 
At 8-5 


a max = 4.00 m/s? 


$ 
&5 


= 4m/s’ 


Ans: 
max = 4-00 m/s? 
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12-49. 


The jet car is originally traveling at a velocity of 10 m/s 
when it is subjected to the acceleration shown. Determine 
the car’s maximum velocity and the time ¢’ when it stops. 
When t= 0,5 =0. 


SOLUTION 


v-t Function. The v—t function can be determined by integrating dv = a dt. For 
0 =t< 15s,a = 6 m/s”. Using the initial condition v = 10 m/s at t = 0, =4 


v t 
f dv = f 6dt 
10 m/s 0 


v— 10 = 6t 
v = {6t + 10} m/s 
The maximum velocity occurs when t = 15 s. Then 
Umax = 6(15) + 10 = 100 m/s Ans. 


For 15s <t < t',a = —4 m/s, Using the initial condition v = 100 m/satt = 15s, 


v t 
1 dv = f — 4dt 
100 m/s 15s 


t 
v — 100 = (—42) 
15s 


v = {-4t + 160} m/s 
It is required that v = 0 at t = t'. Then 
0 = —4t' + 160 t'= 40s 


Ans: 
Umax = 100 m/s 
t = 40s 
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12-50. 


The car starts from rest at s = 0 and is subjected to an 
acceleration shown by the a-s graph. Draw the v-s graph 
and determine the time needed to travel 200 ft. 


SOLUTION 
For s < 300 ft 


ads = v dv 


S v 
fass foa 
0 0 


1 
12s = =v 
S 7” 


v = 4.90 sl? 
Ats = 300 ft, v = 84.85 ft/s 
For 300 ft < s < 450 ft 


ads = v dw 
v 


(24 — 0.04 s) ds = Í v dv 


84.85 


S 


300 


24 s — 0.02 s? — 5400 = 0.5 v? — 3600 


v = (—0.04 s* + 48s — 3600)! 
Ats = 450 ft, v = 99.5 ft/s 
v = 4.90 s!/? 


ds 
— = 4.90 s2 
dt l 


200 t 
f s? ds = f 4.90 dt 
0 0 


200 
2s!2| =490t 
0 


t= 571s 


do mN 


=" X) 


a= —0.04s + 24 


s (ft) 


300 450 


uY) y (0.054 488 ~3,b00}"” 
qsi-——-—{- 


Sct) 


Ans: 

For 0 < s < 300 ft, 

v= {4.90 sv} m/s. 

For 300 ft < s = 450 ft, 

v = {(-0.04s? + 48s — 3600)"?} m/s. 
s = 200 ft when t = 5.77 s. 
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12-51. 


The v-t graph for a train has been experimentally 
determined. From the data, construct the s-t and a-t graphs 
for the motion for 0 =t= 180 s. When t= 0,s =0. 


SOLUTION 


s—t Graph. The s-t function can be determined by integrating ds = v dt. 


6 1 

For0 = t < 60s, = =t = (= c) m/s. Using the initial condition 
= 2 60 10 

s = Qatt = 0, 


When t = 60s, 


1 
sle- es = zg (60) = 180 m 


For 60s < t < 120s, v = 6 m/s. Using the initial condition s = 180 m at t = 60s, 


3 t 
f ds = 1 6 dt 
180 m 60s 


t 
s — 180 = 6t 
60s 


s = {6t — 180} m 
Att = 120s, 


s|-120s = 6(120) — 180 = 540m 


e 10-6 1 
For120s < t = 180s, = = { 


Zo ~ Is0 = 120°" > 1s! 2} m/s. Using the initial 


condition s = 540 m at t = 120s, 


S t 1 
f ds = f (4 = 2) dt 
540m 120s\ 15 


(x-2) 
s — 540 = | — t — 2t 
30 120 s 


1 , 
= 4> — 2t + 
KY {a 2t 300} m 


Att = 180s, 


1 
Sl=iia ant 1807) — 2(180) + 300 = 1020m 


Using these results, s-t graph shown in Fig. a can be plotted. 
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12-51. Continued 


: F ; dv 
a-t Graph. The a-t function can be determined using a = —. 


dt 
d( zat 
For 0 = t < 60s, a= cul = 0.1 m/s” 


d(6) 
For 60s < t < 120s, a=", 8 


d( it - 2) 
For 120s < t = 180s, = ——; = 0.0667 m/s? 


Using these results, a-t graph shown in Fig. b can be plotted. 


Slm ) 


S-f ttt +300 


S=bt-190 


Ans: 
For 0 = t < 60s, 


For 60s < t < 120s, 
s = {6t — 180} m, 
= 0. For 120s < ¢t < 180s, 


1 , 
—? — 2t + 
{a 2t 300} m, 


0.0667 m/s’. 
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*12-52. 


A motorcycle starts from rest at s = 0 and travels along a 
straight road with the speed shown by the v-t graph. 
Determine the total distance the motorcycle travels until it 
stops when t= 15 s. Also plot the a-t and s-t graphs. 


SOLUTION 


Fort < 4s 


dv 
= — = 1.25 
. dt 


Ss t 
fa- fiia 
0 0 


s = 0.625 1? 
Whent=4s, s=10m S = (5t - 05-0 
For4s <t< 10s 

af 


dt 
s t 
fa = fsa 
10 i 33 0, pagta 


s=5t— 10 
When t = 10s, s= 40m 
For 10s <t< 15s 


dv 
=—=-] 
dt 


$. t 
fa- fas-od 
40 10 


s = 15t — 0.5 £? — 60 
When t = 15s, s = 52.5 m 


a 


Ans: 
Whent = 15s, s = 525m 
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12-53. 


A motorcycle starts from rest at s = 0 and travels along a 
straight road with the speed shown by the v-t graph. 
Determine the motorcycle’s acceleration and position when 
t=8sandt= 12s. 


SOLUTION 
Att = 8s 


_ dv _ 
a dt 


As = fvdt 


s-0= 96) + (8 — 4)(5) = 30 


s = 30m 
Att = 12s 


av. SS 2 
= = 1m/s 


As= fudt 


; 1 1/3\ (3 
s- 0= 306 + 10 ~ 415) + 305 = 1996) ~ (FJ 2) 


s=48m 


Ans: 

Att = 8s, 

a = 0 and s = 30m. 
Att = 12s, 

a= —-1m/s 

and s = 48 m. 
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12-54. 


The v-t graph for the motion of a car as it moves along a 
straight road is shown. Draw the s-t and a-t graphs. Also 
determine the average speed and the distance traveled for 
the 15-s time interval. When t= 0, s = 0. 


SOLUTION 


s-t Graph. The s-t function can be determined by integrating ds = v dt. 
For 0 <t<5s,v = 0.627. Using the initial condition s = 0 att = 0, 


$ t 
f ds = f 0.6t7dt 
0 0 


s= {02°} m 


Att = 5s, 
sle=ss = 0.2(5°) = 25m 


v-15_ 0-15 
1-5 ee 


For 5s < t s 15s, 45 — 3t). Using the initial condition 


s=25matt=5s, 


3 t 
il 
ds = | =(45 — 3t)dt 
25m 552 
4 


5 3 
s — 25 = —t t? 
2 4 


93.75 


s= {4901 — 3 — 275) m 


Att = 15s, 


s= 190015) 3(15*) — 275] = 100m 


Thus the average speed is 


sr _ 100m 
Vavg = FI = 15s. = 6.67 m/s 


using these results, the s-t graph shown in Fig. a can be plotted. 
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12-54. Continued 


: : : dv 
a-t Graph. The a-t function can be determined using a = ae 


_ d(0.6?) 


= {1.2} m/s’ 


ForO =t<5s, a 


Att=5s, a=12(5) =6m/s* 


d| (45 — 32) 
For5s < t< 15s, a= a = 1.5 m/s” 


S*£(9t-st-275) 


Ans: 

For0 <s t< 5s, 

s = {02°} m 

a = {1.24} m/s? 
For5s<ts 15s, 


1 
s= {4 (901 307 275) } m 
a = —-15m/s 
Att = 15s, 
s = 100m 
Vavg = 6.67 m/s 
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12-55. 


An airplane lands on the straight runway, originally traveling 
at 110 ft/s when s = 0. If it is subjected to the decelerations 
shown, determine the time t’ needed to stop the plane and 
construct the s-t graph for the motion. 


SOLUTION 
vo = 110 ft/s 


Av= fadt 


0 — 110 = —3(15 — 5) — 8(20 — 15) — 3(¢’ 

t = 333s 

ci = 550 ft 
= 1500 ft 
= 1800 ft 


= 2067 ft 


t = 33.3s 


a (ft/s) 


Ans: 

t' = 33.3s 

sls, = 550 ft 

S| ,=155 = 1500 ft 
S| ,=29; = 1800 ft 
S| ;=3335 = 2067 ft 
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*12-56. 


Starting from rest at s = 0, a boat travels in a straight line a (ft/s?) 
with the acceleration shown by the a-s graph. Determine A 


the boat’s speed when s = 50 ft, 100 ft, and 150 ft. 


SOLUTION 


v-s Function. The v—s function can be determined by integrating v dv = ads. 


a= g 6-8 1 
< < = = | 2 . . “ae 
For 0 = s < 100 ft, r 10-0 2 { 50° s} ft/s*. Using the initial 


condition v—0 ats = 0, 


v 
yw 


2 lo 


v 


= 50 ft, 


i 
vler ls [800 (50) — 50°] = 27.39 ft/s = 27.4 ft/s 


100 ft, 


1 
Olan = ls [800 (100) — 1002] = 37.42 ft/s = 37.4 ft/s Ans. 


For 100ft <s < 150ft, 72 ae -2 ge te ae? Usingthe 
= e150. 100- 150°" 5° Senge 


initial condition v = 37.42 ft/s at s = 100 ft, 


v o 
S 3 
I v dv = | (-3: + 18) ds 
37.42 ft/s tore \ 25 


2 |e s 
3 
Li = (-2s F 18s) 
2 137.42 ft/s 50 100 ft 


1 
v {EV 39? + 900s 25000} ft/s 


Ats = 150 ft 


1 
v|s=150f = zV ~3(150") + 900 (150) — 25000 = 41.23 ft/s = 41.2 ft/s Ans. 


Ans: 

V|s=50ft = 27.4 ft/s 
v|s = 100% = 37.4 ft/s 
vls = 1504 = 41.2 ft/s 
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12-57. 


Starting from rest at s = 0, a boat travels in a straight line a (ft/s?) 
with the acceleration shown by the a-s graph. Construct the 
v-s graph. 


SOLUTION 


v-s Graph. The v—s function can be determined by integrating v dv = ads. For 


=.8 6-8 1 
0< s< 100ft, K = , a= { sd s} ft/s? using the initial 
s-0 100-0 50 


condition v = Oats = 0, 


V= 2 |25 9008-25000 


v= { |5 (800s - >} ft/s 


At s = 25 ft, 50 ft, 75 ft and 100 ft 


s=25 ft = J5 [800 (25) —257] = 19.69 ft/s 


25 50 75 100 125 160 


1 
<n = ls [800 (50) —50°] = 27.39 ft/s 


T 
s=75ft = ls [800 (75) —757] = 32.98 ft/s 


I 
E ls [800 (100) — 1007] = 37.42 ft/s 


-0 50 
For 100 ft < s = 150 ft, £ = { 
= 


= Di 
150 ~ 100 - 150°” is} ft/s“ using the 


initial condition v = 37.42 ft/s at s = 100 ft, 


v S 3 
f v dv = f (-3: + 18) ds 
37.42 ft/s 100 ft 25 


2)v s 
3 
E = ( s + 18 s) 
2 [37.42 ft/s 50 100 ft 


1 
v= {iV 3s? + 900s 25000} ty/s 


Ans: 
Ats = 125 ft and s = 150 ft For 0 = s < 100 ft, 


_ 2 
1 v= { )| 
v| 195 = =V—3(1252) +900 (125) —25000 = 40.31 ft/s 
[srs = 5 (125°) oe) / For 100 ft < s = 150 ft, 


a: 2 = 1 
v| s=1508 = 5 ¥ ~3(1507) +900 (150) —25000 = 41.23 ft/s -a {EV 352 + 900s 25000} ft/s 
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12-58. 


A two-stage rocket is fired vertically from rest with the 
acceleration shown. After 15 s the first stage A burns out and 
the second stage B ignites. Plot the v-t and s-t graphs which 
describe the motion of the second stage for0=1= 40s. 


SOLUTION 
For0 =t< 15 


a=t stra) Ga tor (875t 


v È 
f aw = fra +123 
0 0 Fal a 
1 ; 
v=—P l 


112.5 whent = 15s 
1 
s=- -P 


t 
1 
fba 
o 2 
6 


s = 562.5 when t = 15s 
For15 < t< 40 
a = 20 


v 3 
I dv = I 20 dt 
112.5 15 


v = 20t — 187.5 
v = 612.5 when t = 40 s 


S t 
f ds = f (20 t — 187.5) dt 
562.5 15 


s = 10 £ — 187.5¢ + 1125 


s = 9625 when t = 40s 


Ans: 
For0 < t< 15s, 


v= {4° }m/s 
s= {er}m 


For 15s < t < 40s, 


v = {20t — 187.5 m/s} 
s = (100? — 187.5¢ + 1125} m 
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12-59. 


The speed of a train during the first minute has been 
recorded as follows: 


t (s) 0 20 40 60 


v (m/s) 0 16 21 24 
Plot the v—t graph, approximating the curve as straight-line 
segments between the given points. Determine the total 
distance traveled. 


SOLUTION 


The total distance traveled is equal to the area under the graph. 


Sr = 5 (2016) > (40 20)(16 + 21) 4 5 (60 40)(21 + 24) = 980m 
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*12-60. 


A man riding upward in a freight elevator accidentally 
drops a package off the elevator when it is 100 ft from the 
ground. If the elevator maintains a constant upward speed 
of 4 ft/s, determine how high the elevator is from the 
ground the instant the package hits the ground. Draw the 
v-t curve for the package during the time it is in motion. 
Assume that the package was released with the same 
upward speed as the elevator. 


SOLUTION 
For package: 


(+1) v= vh + 2a.(S2 — So) 


v = (4} + 2(—32.2)(0 — 100) 


v = 80.35 ft/s | 


(+t) v= w + at 
—80.35 = 4 + (—32.2)t 
t = 2.620 s 
For elevator: 
(+T) S2 = So + ut 
s = 100 + 4(2.620) 


110 ft 
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12-61. 


Two cars start from rest side by side and travel along a 
straight road. Car A accelerates at 4 m/s” for 10 s and then 
maintains a constant speed. Car B accelerates at 5 m/s? 
until reaching a constant speed of 25 m/s and then 
maintains this speed. Construct the a-t, v-t, and s-t graphs 
for each car until t = 15 s. What is the distance between the 
two cars when t = 15s? 


SOLUTION 
Car A: 


v= Uy + at 


va = 0+ 4t 


Att=10s, v4 = 40m/s 


1 
S = So T Vot T zat 


= 200m 


= vdt 


t 
= | 40 dt 
10 


s4 = 40t — 200 
Att = 15s, s4 = 400m 


Car B: 


When vz = 25 m/s, 


1 
= So + Ut + zat 


1 
sp =0+04 OP = 2.50 


= 10s, v4 = (V4) max = 40 m/s and s 4= 200 m. 
= 55, Sg = 62.5 m. 


= 15s,5, = 400 mand sg = 312.5 m. 
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12-61. Continued 


Sp — 62.5 = 25t — 125 
Sp = 25t — 62.5 
When t = 15s, Sp = 312.5 


Distance between the cars is 


As = s4 — Sg = 400 — 312.5 = 87.5m 


Car A is ahead of car B. 


Aglimi dD 


Sg 22 5t-62.5° 


Ans: 

Whent = 5s, 

Sg = 62.5m. 

Whent = 10s, 

va = (V4) max = 40 m/s and 
s4 = 200m. 

When t = 15s, 

sa = 400m and sg = 312.5 m. 
As = S4 — Sp = 87.5m 
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12-62. 


If the position of a particle is defined as s = (5t — 327) ft, 
where ¢ is in seconds, construct the s—t, v-t, and a-t graphs 
for0 =¢ = 10s. 


SOLUTION 


Ans: 
v = {5 — 6t} ft/s 
a = —6 ft/s? 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


12-63. 


From experimental data, the motion of a jet plane while 
traveling along a runway is defined by the v — t graph. 
Construct the s — t and a — t graphs for the motion. When 
t= 0,5 = 0. 


SOLUTION 


s — t Graph: The position in terms of time ¢ can be obtained by applying 


d 20 
= For time interval 0 s < t < 5 s,v = z" = (4t) m/s. 


When t = 5s, 


For time interval 5 s < t < 20 s, 


ds = vdt 


s t 
f ds = [ 20dt 
50m Sa 


S22t*-bot +750 


= (20t — 50)m 
When t = 20s, = 20(20) — 50 = 350m 


beets v— 20 60-20 
<fs = 
For time interval 20 s < t =< 30 s, 1—20 30 — 20 


„u = (4t — 60) m/s. 
ds = vdt 
£ t 
[ ds = (4t — 60) dt 
350 m 20a 


s = (2 — 60t + 750) m 


When t = 30s, s = 2(30?) — 60(30) + 750 = 750 m 


a — t Graph: The acceleration function in terms of time f can be obtained by 


d 
applying a= Z For time interval 0s<1<5 s 5s<t<20s and 
dt Ans: 


For0 <s t< 5s, 

s= {2} manda = 4m/s’. 
For5s < t< 20s, 

s = {20t — 50} manda = 0. 
For 20s < t < 30s, 

s = {2 — 60t + 750} m 
anda = 4m/s’. 


d d d 
20 s<1< 308s, a= 2 =400m/2, a= =0 and a=— = 400 m/2, 


; dt dt dt 
respectively. 
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*12-64. 


The motion of a train is described by the a-s graph shown. 
Draw the v-s graph if v = 0 at s = 0. 


300 
SOLUTION V¢mis ) 


v-s Graph. The v—s function can be determined by integrating v dv = ads. 
V= 128 -7p3*- 1800 


3 1 
For 0=s < 300m, a= ( )s = ( s) m/s. Using the initial condition 
300 100 


v = Qats = 0, 


Ats = 300 m, 


1 
v| s=30m = To C% = 30 m/s 


a-3 0-3 _ 
= 300 600 — 300°“ 
initial condition v = 30 m/s at s = 300 m, 


v s 1 
| vdv= f (-ps+6)as 
30 m/s 300m \ 100 


2 |v 1 $ 
z = (- 4 6s) 
2 130 m/s 200 300 m 


2 


For 300m < s < 600 m, of m/s’, using the 
s 


_ lo 
450 = 6s 700° 1350 


1 
— s - 1800} m/s 
00 


1 
v= {2 (600) TT (6007) —1800 = 42.43 m/s 


Using these results, the v—s graph shown in Fig. a can be plotted. 
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12-65. 


The jet plane starts from rest at s = 0 and is subjected to the 
acceleration shown. Determine the speed of the plane when 
it has traveled 1000 ft. Also, how much time is required for 
it to travel 1000 ft? 


SOLUTION 
a— 75 50 — 75 
-sF ion. Here, = 
v-s Function ere. <=6 1000 — 0 


can be determined by integrating v dv = a ds. Using the initial condition v = 0 at 


s=0, 
v S 
f vdv = f (75 — 0.025 s) ds 
0 0 


v2 
a 75 s — 0.0125 s? 


v = {V150s — 0.025 s?} ft/s 


;a = {75 — 0.025s} ft/s. The function Us) 


Ats = 1000 ft, 
v = V150 (1000) — 0.025(10002) 


= 353.55 ft/s = 354 ft/s Ans. 


; ; ; f ds ae 
Time. ¢ as a function of s can be determined by integrating dt = —. Using the initial 
condition s = 0 at t = 0; v 


I a ds 
dt = 
0 0 V 150 "a 0.025 s2 


pa |- 1 s1? -= 005.) s 
v0.025 150 ö 


; 1 z . (= = sos) | 
= sin 
V0.025 | 2 150 


4 es ea 


Ats = 1000 ft, 


2 150 


V0.025 
= 5.319 s = 5.32 s 


a = 75 — 0.025s 


Ans: 
v = 354 ft/s 
t = 5.32s 
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12-66. 


The boat travels along a straight line with the speed 
described by the graph. Construct the s-t and a—s graphs. 
Also, determine the time required for the boat to travel a 
distance s = 400 m if s = 0 when ¢ = 0. 


SOLUTION 
s—t Graph: For 0 = s < 100 m, the initial condition is s = 0 whent = Os. 


ds 
v 


f S 
d 
hem ha 
0 o 251/2 
t = s 


s= (??) m 


dt 


When s = 100m, 
100 = ° t= 10s 
For 100 m < s =< 400 m, the initial condition is s = 100 m whent = 10s. 
d 
(5) a” 
v 
t s 
d 
foc Joont 
10s 100 m 0.25s 
sS 
t — 10 = 5ln — 
P T00 
t 


S 
z72= Min 


When s = 400 m, 
400 = 13.53e/> 
t = 16.93 s = 16.9 s 


The s-t graph is shown in Fig. a. 


a—s Graph: For 0m < s < 100m, 


a = v” = (28!)(s1") = 2m/s 


For 100m < s < 400 m, 
d 
a= ve = (0.2s)(0.2) = 0.04s 


When s = 100 m and 400 m, 
a\,—100 m = 0.04(100) = 4 m/s” 
al -400m = 0.04(400) = 16 m/s” 


The a-s graph is shown in Fig. b. 


s=/3.8et/5 


When s = 100 m, 
t= 10s. 

When s = 400 m, 

t = 16.9s. 

a| s=10m = 4 m/s 
a|5=400m = 16 m/s* 
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12-67. 


The v—s graph of a cyclist traveling along a straight road is 
shown. Construct the a—s graph. 


v = —0.04 s + 19 


SOLUTION 


a-s Graph: For 0 = s < 100 ft, 


a) a= re = (01s + 5)(0.1) = (0.01s + 0.5) ft/s? 


Thus at s = 0 and 100 ft 


a| =o = 0.01(0) + 0.5 = 0.5 ft/s? 


als=100r = 0.01(100) + 0.5 = 1.5 ft/s? 


For 100 ft < s = 350 ft, 


(5) s = (—0.04s + 19)(—0.04) = (0.0016s — 0.76) ft/s? 
Thus at s = 100 ft and 350 ft 


al ,—100 = 0.0016(100) — 0.76 = —0.6 ft/s? 


al ,=350 = 0.0016(350) — 0.76 = —0.2 ft/s” 


The a—s graph is shown in Fig. a. 


Thus at s = 0 and 100 ft 


a| =o = 0.01(0) + 0.5 = 0.5 ft/s? 


al ,=100% = 0.01(100) + 0.5 = 1.5 ft/s? 


At s = 100 ft, a changes from amax = 1.5 ft/s? to amin = —0.6 ft/s”. 


Ans: 

Ats = 100s, 

a changes from dmax = 1.5 ft/s” 
tO amin = —0.6 ft/s”. 
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*12-68. 


The v-s graph for a test vehicle is shown. Determine its 
acceleration when s = 100 m and when s = 175 m. 


SOLUTION 


0 ss < 150m: 


1 
Ats = 100m, a= (100) = 11.1 m/s? 
150 = s = 200m; = 200 - s, 
dv 
v dv 
(200 — s)( — ds) = ads 


a = s — 200 


Ats = 175m, a= 175 — 200 = — 25 m/s? 


100s, a= 11.1m/s* 
=175m, a= —25m/s" 
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12-69. 


If the velocity of a particle is defined as w(t) = {0.8/i + 
12r!/2j + 5k} m/s, determine the magnitude and coordinate 
direction angles a, B, y of the particle’s acceleration when 
t=2s. 


SOLUTION 


v(t) = 0.8171 + 12t! j + 5k 


dv 
=— = 161 + 605 
a a 1 J 


When t = 2s, a = 3.2i + 4.243j 


a = V (3.2) + (4.243} = 5.31 m/s” 


* = 0.6022i + 0.7984j 
a 


cos | (0.6022) = 53.0° 
cos ! (0.7984) = 37.0° 


cos '(0) = 90.0° 


Ans: 

a = 5.31 m/s 
a = 53.0° 

B = 37.0° 

y = 90.0° 
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12-70. 


The velocity of a particle is v = {3i + (6 — 2t)j} m/s, where t 
is in seconds. If r = 0whenż = 0, determine the 
displacement of the particle during the time interval 
t= 1stot=3s. 


SOLUTION 


Position: The position r of the particle can be determined by integrating the 
kinematic equation dr = vdt using the initial condition r = 0 at t = 0 as the 
integration limit. Thus, 


dr = vdt 


r t 
[a = fis + (6 — 21)j|dt 
0 0 
r= foa + (6t -— P) 
When ź = 1sand3s, 


riers = 30i + [6(1) - 1?]j = Bi 


= 3(3)i + [6(3) - 3?]j = [9i 


| 


t=3s 
Thus, the displacement of the particle is 


Ar = r-z, = tisis 


= (9i + 9j) — (Bi + 5j) 


= {6i + 4j}m 


Ans: 
Ar = {6i + 4j}m 
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12-71. 


A particle, originally at rest and located at point (3 ft, 2 ft, 5 ft), 
is subjected to an acceleration of a = {6ti + 12/°k} ft/s’. 
Determine the particle’s position (x, y, z) att = 1s. 


SOLUTION 


Velocity: The velocity expressed in Cartesian vector form can be obtained by 
applying Eq. 12-9. 


dv = adt 


v t 
fa = [ (si + 12Pk) dt 
0 0 


v = (371 + 4P°k} ft/s 


Position: The position expressed in Cartesian vector form can be obtained by 
applying Eq. 12-7. 


dr = vdt 


fa- foz + 40k) dt 
T 0 


r — (3i + 2j + 5k) = ði + ík 


r= {(0 + 3)it 2j 5)k} ft 


When t = 1s,r = (1° + 3)i + 2j + (1f + 5)k = (41 
The coordinates of the particle are 


(4 ft, 2 ft, 6 ft) 


Ans: 
(4 ft, 2 ft, 6 ft) 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*12-72. 


The velocity of a particle is given by 
v = {16i + 4j + (St + 2)k} m/s, where t is in seconds. If 
the particle is at the origin when ¢ = 0, determine the 
magnitude of the particle’s acceleration when t = 2 s. Also, 
what is the x, y, z coordinate position of the particle at this 
instant? 


SOLUTION 


Acceleration: The acceleration expressed in Cartesian vector form can be obtained 
by applying Eq. 12-9. 
dv 2 


lea rhe (320i + 12ťj + 5k} m/s” 


When ¢ = 2s,a = 32(2)i + 12(27)j + 5k = {64i + 48j + 5k} m/s”. The magnitude 
of the acceleration is 


a= Var + a+ a= V64 + 48? + 5? = 80.2 m/s? Ans. 


Position: The position expressed in Cartesian vector form can be obtained by 
applying Eq. 12-7. 


dr = vdt 


r t 
I dr = I (16i + 4j + (St + 2)k) dt 
0 0 


5 
i+ Ay 2r)k|m 


When t = 2s, 


r= $ (2°)i + (24)j 4 Re) i 202) fk = {42.7i + 16.0j + 14.0k} m. 


Thus, the coordinate of the particle is 


(42.7, 16.0, 14.0) m 


Ans: 
(42.7, 16.0, 14.0) m 
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12-73. 


The water sprinkler, positioned at the base of a hill, releases 
a stream of water with a velocity of 15 ft/s as shown. 
Determine the point B(x, y) where the water strikes the 
ground on the hill. Assume that the hill is defined by the 
equation y = (0.05x?) ft and neglect the size of the sprinkler. 


y = (0.05x2) ft 


15 ft/s 


SOLUTION 


v, = 15 cos 60° = 7.5 ft/s vy = 15 sin 60° = 12.99 ft/s 


(25) S = Vot 


Tt 


2 
ete 


1 
2 


So Vot + 


1 
0 + 12.99¢ 4 

5 ( 
1.732x — 0.286x? 


Since y = 0.05x7, 

0.05x* = 1.732x — 0.286x? 
x(0.336x — 1.732) = 0 

x = 5.15 ft 

y = 0.05(5.15)? = 1.33 ft 
Also, 


(5) S = Vol 


x = 15 cos 60°t 


2 


t) s = 5 Vot + z “et 


1 
y = 0 + 15 sin 60% + z 03220 


Since y = 0.05x?° 

12.99t — 16.117 = 2.8125t° t= 0.6869 s 
So that, 

x = 15 cos 60° (0.6868) = 5.15 ft 

y = 0.05(5.15)? = 1.33 ft 


Ans: 
(5.15 ft, 1.33 ft) 
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12-74. 


A particle, originally at rest and located at point (3 ft, 2 ft, 5 ft), 
is subjected to an acceleration a = {6ti + 12/°k} ft/s?. 
Determine the particle’s position (x, y, z) when t=2 s. 


SOLUTION 
a = 6fi + 12? k 


v t 
f dy = | (6ti + 1217k) dt 
0 0 


v = 3i + 4k 


r t 
f dr = | (Bi + 403k) dt 
To 0 


r — (3i + 2j + 5k) = Fi + tk 


When t = 2s 
r = {11i + 2j + 21k} ft 


Ans: 
r = {11i + 2j + 21k} ft 
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12-75. 


A particle travels along the curve from A to B in 
2 s. It takes 4 s for it to go from B to C and then 3 s to go 
from C to D. Determine its average speed when it goes from 
A to D. 


SOLUTION 


1 1 
Sr = G(2m)(10)) + 15 + F2m(5)) = 38.56 


sr 38.56 
nt 2+4+3 


Us = 4.28 m/s 


Ans: 
(Usp)avg = 4.28 m/s 
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*12-76. 


A particle travels along the curve from A to B in 5s. It 
takes 8 s for it to go from B to C and then 10 s to go from 
C to A. Determine its average speed when it goes around 
the closed path. 


SOLUTION 


The total distance traveled is 


Stor = Sap + Spe + Sca 


= 20(=) + \/20? + 30? + (30 + 20) 


2 
= 11747m 


The total time taken is 
tot = tap + tac + tca 
=5+8+10 

= 23s 


Thus, the average speed is 


Sto _ 117.47 m 
tTot 23s 


= 5.107 m/s = 5.11 m/s 


(Usp ave = 


Ans: 
(ogla = 5-11 m/s 
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12-77. 


The position of a crate sliding down a ramp is given by 
x = (0.252) m, y = (1.51?) m, z = (6 — 0.752°/") m, where t 
is in seconds. Determine the magnitude of the crate’s 
velocity and acceleration when t = 2s. 


SOLUTION 


Velocity: By taking the time derivative of x, y, and z, we obtain the x, y, and z 
components of the crate’s velocity. 


= s (0.25) = (0.75) m/s 


r 1.57) = (3t) m/s 
dt 
v=ż= “(6 — 0.756?) = (-1.875¢/) m/s 


When t = 2s, 
v, = 0.75(27) =3m/s v, = 3(2)=6m/s v, = —1.875(2)3/? = —5.303 mis 


Thus, the magnitude of the crate’s velocity is 


v= Vv? + 0,2 +v? = V3? + & + (5.303)? = 8.551 ft/s = 8.55 ft Ans. 


Acceleration: The x, y, and z components of the crate’s acceleration can be obtained 
by taking the time derivative of the results of vy, v,, and v,, respectively. 


d 
ay = by = (0.7507) = (1.5¢) m/s? 


d 
ay = Uy = rac = 3 m/s? 


a d 3/2 \ < 1/2 2 
a, = 6, = = (1.87587) = (-2.8151'7) m/s 
When t = 2s, 

a, =152)=3m/s* a, = 3m/s? a, = —2.8125(2¥) = —3.977 m/s? 


Thus, the magnitude of the crate’s acceleration is 


a= Va, +a, +a? = V3? + 3 + (-3.977) = 5.815 m/s? = 5.82m/s Ans. 


= 8.55 ft/s 
5.82 m/s” 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


12-78. 


A rocket is fired from rest at x = 0 and travels along a 
parabolic trajectory described by y* = [120(10°)x] m. If the 


ae 1 ; 
x component of acceleration is a, = G ?) m/s’, where t is 


in seconds, determine the magnitude of the rocket’s velocity 
and acceleration when t= 10s. 


SOLUTION 


Position: The parameter equation of x can be determined by integrating a, twice 
with respect to t. 


Substituting the result of x into the equation of the path, 


1 
y= 120(10°)( A) 
y= (5077) m 
Velocity: 


yee < (500?) = (100r) m/s 


When t = 10s, 


1 
v, = a) = 83.33 m/s vy = 100(10) = 1000 m/s 


Thus, the magnitude of the rocket’s velocity is 


v = Vv? + v? = V83.332 + 1000? = 1003 m/s 


Acceleration: 


. d 
ay = Vy = (1002) = 100 m/s? 


When t = 10s, 


ay = 100) = 25 m/s? 
Ans: 


Thus, the magnitude of the rocket’s acceleration is v = 1003 m/s 
a = 103 m/s" 


a= Va,? + a2 = V25 + 100? = 103 m/s 
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12-79. 


The particle travels along the path defined by the parabola 
y = 0.5x’. If the component of velocity along the x axis is 
v, = (5t) ft/s, where t is in seconds, determine the particle’s 
distance from the origin O and the magnitude of its 
acceleration when t = 1s. When t = 0, x = 0, y = 0. 


SOLUTION 


Position: The x position of the particle can be obtained by applying the v, = 


ee 
dt" 
dx = v,dt 


x t 
i dx = f Stdt 
0 0 


x = (2.500) ft 


Thus, y = 0.5(2.5077)? = (3.125) ft. At t=1s, x= 2.5(1°) =2.50ft and 
y= 3.125(1*) = 3.125 ft. The particle’s distance from the origin at this moment is 


d = V(2.50 — 0) + (3.125 — 0)? = 4.00 ft Ans. 


Acceleration: Taking the first derivative of the path y = 0.5x”, we have y = xx. 
The second derivative of the path gives 


Yor + xx (1) 
However, x = v,,% = a, and y = ay. Thus, Eq. (1) becomes 


ay = ve + xa, (2) 


dv 
When ¢ = 1s, v, = 5(1) = 5 ft/s a, = — = 5 ft/s?, and x = 2.50 ft. Then, from 
Eq. (2) = 


ay = 5 + 2.50(5) = 37.5 ft/s? 


a= Væ + @ = V5 + 37.5 = 378 ft/s? 


Ans: 
d = 4.00 ft 


a = 37.8 ft/s? 
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*12-80. 


The motorcycle travels with constant speed vo along the 
path that, for a short distance, takes the form of a sine curve. 
Determine the x and y components of its velocity at any 
instant on the curve. 


y = csin (+x) 
ma 

Ç 
Ea 


SOLUTION 


= csin a 
y=c L* 
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12-81. 
A particle travels along the circular path from A to Bin 1 s. 


If it takes 3 s for it to go from A to C, determine its average 
velocity when it goes from B to C. 


SOLUTION 


Position: The coordinates for points B and C are [30 sin 45°, 30 — 30 cos 45°] and 
[30 sin 75°, 30 — 30 cos 75°]. Thus, 


rg = (30 sin 45° — 0)i + [(30 — 30 cos 45°) — 30]j 
= {21.211 — 21.21j} m 

rc = (30 sin 75° — 0)i + [(30 — 30 cos 75°) — 30]j 
= {28.981 — 7.765j} m 


Average Velocity: The displacement from point B to C is Argo = rc — rg 
= (28.981 — 7.765j) — (21.21i — 21.21j) = {7.765i + 13.45j} m. 


Argo  7.765i + 13.45; 
(Vac)ave = A = 


7 3-1 = {3.881 + 6.72j} m/s 


Ans: 
(Vac)ave = {3.881 + 6.72j} m/s 
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12-82. 


The roller coaster car travels down the helical path at 
constant speed such that the parametric equations that define 
its position are x =c sin kt, y =c cos kt, z = h — bt, where c, h, 
and b are constants. Determine the magnitudes of its velocity 
and acceleration. 


Ne 
SOLUTION 


x = csin kt x = ck cos kt X = —ck? sin kt NM i <7 


y =ccoskt y = —ck sin kt Yy = —ck* cos kt 


SI 
z=h-bt z= -b z=0 


v = V(ck cos kt)? + (—ck sin kt? + (—b? = Vek + b? 


a= V(—cksin kt)? + (—ck2cos kt)? + 0 = ck? 
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12-83. 


Pegs A and B are restricted to move in the elliptical slots 
due to the motion of the slotted link. If the link moves with 
a constant speed of 10 m/s, determine the magnitude of the 
velocity and acceleration of peg A when x = 1m. 


SOLUTION 


Velocity: The x and y components of the peg’s velocity can be related by taking the 
first time derivative of the path’s equation. 


2 


ane 
res 


2 = 
1 : ; 
4 2%) + 2yy =0 


1 
~ xi + 2yy = 0 
an yy 


1 
aks + 2yv, = 0 


Here, vy = 10 m/s and x = 1. Substituting these values into Eq. (1), 


1000) i ( v v, = —2.887 m/s = 2.887 m/s | 


Thus, the magnitude of the peg’s velocity is 


v= Vo, + vy? = VIO + 2.887 = 10.4 m/s Ans. 


Acceleration: The x and y components of the peg’s acceleration can be related by 
taking the second time derivative of the path’s equation. 


xXx) + 2(yy + yy) = 0 


(2) 


3 
Since v, is constant, a, = 0. When x =1m, y= > ™ v, = 10 m/s, and 


v, = —2.887 m/s. Substituting these values into Eq. (2), 


1 
10? + 0) + 2| (—2.887)* 4 
z (10° + 0) [ ) 
ay = —38.49 m/s? = 38.49 m/s? | 


Thus, the magnitude of the peg’s acceleration is 


a= Va,? + ay? = VO + (—38.49)? = 38.5 m/s? 
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*12-84, 


The van travels over the hill described by 

y = (—1.5(10°) x? + 15) ft. If it has a constant speed of 

75ft/s, determine the x and y components of the van’s y = (-1.5 (1074) x? + 15) ft 
velocity and acceleration when x = 50ft. 


SOLUTION 


Velocity: The x and y components of the van’s velocity can be related by taking the 
first time derivative of the path’s equation using the chain rule. 


y = —1.5(107°)x? + 15 


y = -3(10-3) xx 


vy = —3(1073)xv, 


When x = 50 ft, 
vy = —3(10°7)(50)v, = —0.150, 


The magnitude of the van’s velocity is 


Substituting v = 75 ft/s and Eq. (1) into Eq. (2), 
75 = Vv, + (-0.15v,)? 
v, = 74.2 ft/s <— 


Substituting the result of v, into Eq. (1), we obtain 


vy = —0.15(-74.17) = 11.12 ft/s = 11.1 ft/s t Ans. 


Acceleration: The x and y components of the van’s acceleration can be related by 
taking the second time derivative of the path’s equation using the chain rule. 


J=75 Hs 
y = -3(10-3)(zk + xX) — 


ay = ~3(1073)(v,? + xa,) 


When x = 50 ft, vy = —74.17 ft/s. Thus, 


ay -3(105)|(=74.17} + Soa, 


a, = —(16.504 + 0.15a,) (3) 


Since the van travels with a constant speed along the path,its acceleration along the tangent 
of the path is equal to zero. Here, the angle that the tangent makes with the horizontal at 


d 
x = 50 ftis 0 = ion( 2) 
dx J | x=50ft 
Thus, from the diagram shown in Fig. a, 
a, cos 8.531° — a, sin 8.531° = 0 (4) 


= tan! -3(107°)x = tan™!(—0.15) = —8.531°. 
x=50 ft 


Ans: 
Solving Eqs. (3) and (4) yields v, = 74.2 ft/s — 
x = 2.42 ft/s = 2.42 ft/s? — ; vy = 11.1 ft/s Î 
ay = 2.42 ft/s? <— 


—16.1 ft/s = 16.1 ft/s”) ay = 16.1 ft/s? | 
i 
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12-85. 


The flight path of the helicopter as it takes off from A is 
defined by the parametric equations x = (2/7)m and 
y = (0.04¢°) m, where t is the time in seconds. Determine 
the distance the helicopter is from point A and the 
magnitudes of its velocity and acceleration when ¢ = 10s. 


SOLUTION 
x=2P y=0.04° 
Att=10s, x=200m y=40m 


d = V (200)? + (40)? = 204 m 


dx 
— = 4t 
dt 


y 2 
— = 0.12t 
dt 


dv, 
— = 0.24t 
dt 


Att = 10s, 
v = V (40)? + (12)? = 41.8 m/s 
V (4)? + (2.4)? = 4.66 m/s? 


Ans: 

d = 204m 

v = 41.8 m/s 
a = 4.66 m/s” 
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12-86. 


Determine the minimum initial velocity vọ and the 
corresponding angle 6) at which the ball must be kicked in 
order for it to just cross over the 3-m high fence. 


SOLUTION 


Coordinate System: The x—y coordinate system will be set so that its origin 
coincides with the ball’s initial position. 


x-Motion: Here, (vp), = Vo cos6, xo = 0,and x = 6 m. Thus, 


(4) = xo + (Uo)x! 


= 0 + (vp cos6)t 
6 
Vo COSO 


y-Motion: Here, (vp), = vo Sind, a, = =g = —9.81m/s*, and yọ = 0. Thus, 


(+1) y= yo+ (wo)yt 4 Ta 


1 
3 = 0 + v (sine)t + 79 8be 


3 = v (sind)t — 4.9052 


Substituting Eq. (1) into Eq. (2) yields 


| 58.86 
= 3 
sin 20 — cos’6 6) 


From Eq. (3), we notice that vg is minimum when f(60) = sin20 — cos?0 is 


(9) 


maximum. This requires do 


df(0 
o = 2 cos20 + sin20 = 0 


tan20 = —2 


20 = 116.57° 


0 = 58.28° = 58.3° 


Substituting the result of @ into Eq. (2), we have 


58.86 
o = 9.76 
(vo)min Vm 116.57° — cos? 58.28° ous 


Ans: 
0 = 58.3° 
(Vo) min = 9-76 m/s 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


12-87. 


The catapult is used to launch a ball such that it strikes the 
wall of the building at the maximum height of its trajectory. 
If it takes 1.5 s to travel from A to B, determine the velocity 
v4 at which it was launched, the angle of release 0, and the 
height h. 


Tae 


Tan 


a 
a 


SOLUTION 


= v4 cos @(1.5) 


= vê + 2a, (S — so) 


0 = (vasin 0}? + 2(—32.2)(h — 3.5) 


+f) Vv = U9 + at 


0 = vasin 0 — 32.2(1.5) 
To solve, first divide Eq. (2) by Eq. (1) to get 0. Then 
0 = 76.0° 
va = 49.8 ft/s 
h = 39.7 ft 


Ans: 

0 = 76.0° 

va = 49.8 ft/s 
h = 39.7 ft 
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*12-88. 


Neglecting the size of the ball, determine the magnitude v4 
of the basketball’s initial velocity and its velocity when it 
passes through the basket. 


SOLUTION 


Coordinate System. The origin of the x-y coordinate system will be set to coinside 
with point A as shown in Fig. a 


Horizontal Motion. Here (v4), = v4 cos 30°—, (s4)x = 0 and (sg), = 10m—. 


+ 
(5) (so) = Cade + waht 
10 = 0 + v4 cos 30° t 


10 
va cos 30° 


Also, 
(5) wr) = Wade = v cos 30° 5 


Vertical Motion. Here, (v4), = vasin 30°Î, (s4), = 0, (sg), = 3 — 2 = 1mÎ and 
ay = 9.81 m/s” | 


(+1) (sB); = (Sa)y + (va)yt + T Zz 


1 = 0 + vasin 30° t + osne 
4.90507 — 0.5vat+1=0 

Also 

(+1) ws) = (va)y + at 
(Vg)y = vasin 30° + (—9.81)t 
(Vg)y = 0.5 v4 — 9.81t 


Solving Eq. (1) and (3) 
va = 11.705 m/s = 11.7 m/s 
t = 0.9865 s 
Substitute these results into Eq. (2) and (4) 
(vg), = 11.705 cos 30° = 10.14 m/s > 
(vg); = 0.5(11.705) — 9.81(0.9865) = —3.825 m/s = 3.825 m/s | 


Thus, the magnitude of vz is 


vp = V (ug), + (vp? = V10.14 + 3.825? = 10.83 m/s = 10.8 m/s Ans. 
And its direction is defined by 


oot] = an (Oe 


Ans: 

) = 20.67° = 20.7° i va = 11.7 m/s 
vg = 10.8 m/s 
0 = 2079% 


0, = tan! | 
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12-89. 


The girl at A can throw a ball at v, = 10 m/s. Calculate the 
maximum possible range R = R nax and the associated angle 
0 at which it should be thrown. Assume the ball is caught at 
B at the same elevation from which it is thrown. 


SOLUTION 


(4) S = So + vot 
R = 0 + (10 cos 6)t 
(+1) V=U t+ at 
—10sin 0 = 10 sin 0 — 9.81t 
20 


t= gg’ 


200 
Thus, R = ——sin 0 cos 0 
9.81 


100 
R = — sin 20 
9.81 


Require, 
dR _ 


== 
do 


100 
ggi C% 20(2) = 0 


cos20 = 0 
0 = 45° 


100. 
—— (sin 90°) = 10.2 m 


Ans: 
Rmax = 10.2 m 


0 = 45° 
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12-90. 


Show that the girl at A can throw the ball to the boy at B 
by launching it at equal angles measured up or down 
from a 45° inclination. If v, =10 m/s, determine the range 
R if this value is 15°, i.e., 6, = 45° — 15° = 30° and 0, = 45° + 
15°= 60°. Assume the ball is caught at the same elevation 
from which it is thrown. 


SOLUTION 


(+) S = So + Vot 

R = 0 + (10 cos 6)t 
(+1) V = Vo + at 
—10 sin 0 = 10 sin 0 — 9.81t 


t= Ea sin 0 
9.81 


200 
Thus, R = —— sin 0 cos 0 
9.81 


100 


Since the function y = sin 20 is symmetric with respect to 0 = 45° as indicated, 
Eq. (1) will be satisfied if | ġ1| = | ¢2| 


Choosing œ = 15° or 6, = 45° — 15° = 30° and @, = 45° + 15° = 60°, and 
substituting into Eq. (1) yields 


R = 8.83m Ans. 
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12-91. 


The ball at A is kicked with a speed v, = 80 ft/s and at an 
angle 04 = 30°. Determine the point (x, —y) where it strikes 
the ground. Assume the ground has the shape of a parabola 
as shown. 


SOLUTION 


(va); = 80 cos 30° = 69.28 ft/s 
(va), = 80 sin 30° = 40 ft/s 


So + Vot 


0 + 69.28t 


1 
0 + 40t 4 z( 32.2) 
= —0.04x? 


From Eqs. (1) and (2): 

—y = 0.5774x — 0.003354x? 
0.04x? = 0.5774x — 0.003354x? 
0.04335x” = 0.5774x 

x= 133 ft 

Thus 


y = —0.04 (13.3)? = —7.09 ft 


Ans: 
(13.3 ft, —7.09 ft) 
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*12-92. 


The ball at A is kicked such that 6, = 30°. If it strikes the 
ground at B having coordinates x = 15 ft, y = —9 ft, 
determine the speed at which it is kicked and the speed at 
which it strikes the ground. 


SOLUTION 


+ Vot 


= 0 + v4 cos 30° t 
1 


2 act? 


= So t Vot t 


1 
—9 = 0 + v4 sin 30° t + z 03220 


va = 16.5 ft/s 
t = 1.047 s 


(5) (vg), = 16.54 cos 30° = 14.32 ft/s 

(+f) v = vo + at 

(vg), = 16.54 sin 30° + (—32.2)(1.047) 
~25.45 ft/s 

vg = V(14.32)? + (—25.45)? = 29.2 ft/s 


Ans: 

va = 16.5 ft/s 
t = 1.047s 

vg = 29.2 ft/s 
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12-93. 


A golf ball is struck with a velocity of 80 ft/s as shown. 
Determine the distance d to where it will land. 


AQ va = 80 ft/s 


SOLUTION 


(5)s = So + Vot 
d cos 10° = 0 + 80 cos 55° t 


2 


t) s= 5 Vogt + ~ at 


2 


1 
dsin 10° = 0 + 80sin 55° t — z 32.2)(") 


Solving 
t = 3.568 s 
d = 166 ft 


Ans: 
d = 166 ft 
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12-94. 


A golf ball is struck with a velocity of 80 ft/s as shown. 
Determine the speed at which it strikes the ground at B and 


the time of flight from A to B. @ v4 = 80 ft/s 
\ \| 


SOLUTION 


(va) = 80 cos 55° = 44.886 
(va); = 80 sin 55° = 65.532 
(+) s= Sor Vot 


d cos 10° = 0 + ee 


T) s= s Vot + zld 


2 


1 
d sin 10° = 0 + 65.532 (£) + z 0322P) 


d = 166 ft 
t = 3.568 = 3.57 s 
(vg): = (va) = 45.886 
(+1) V = Vo + at 


(vg), = 65.532 — 32.2(3.568) 


(vg), = —49.357 


Ug = V (45.886)? + (—49.357} 


vg = 67.4 ft/s 


Ans: 
t = 3.57s 


vg = 67.4 ft/s 
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12-95. 


The basketball passed through the hoop even though it barely 
cleared the hands of the player B who attempted to block it. 
Neglecting the size of the ball, determine the magnitude v, of 
its initial velocity and the height A of the ball when it passes 
over player B. 


SOLUTION 
(45) S = So + Vot 


30 = 0 + v4 cos 30° tac 


1 
(+1) = So + wt + zat 


1 
= 7 + v4 sin 30° tac — 732.2)(tac) 


Solving 

va = 36.73 = 36.7 ft/s 
tac = 0.943 s 

(45) S = So + Vot 


0 + 36.73 cos 30° tag 


1 
= 89 + Vot F eP 


1 
7 + 36.73 sin 30° t4g — 7622s) 


Solving 
tap = 0.786 s 


h = 11.5 ft 


Ans: 
va = 36.7 ft/s 
h = 11.5 ft 
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*12-96. 


It is observed that the skier leaves the ramp A at an angle 
04 = 25° with the horizontal. If he strikes the ground at B, 
determine his initial speed v4 and the time of flight £43. 


SOLUTION 


( 5 ) S = Ut 
4 
100( 2) = V4 COS 25°t 4g 


+f yaniuii ar 
(+1) 5 


3 1 
4 109( 2) = 0 + vasin 25°t4g + 7-98) 


Solving, 


va = 19.4 m/s 
tAB = 4.54 s 


Ans: 
va = 19.4 m/s 
tap = 4.54s 
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12-97. 


It is observed that the skier leaves the ramp A at an angle 
04 = 25° with the horizontal. If he strikes the ground at B, 
determine his initial speed v4 and the speed at which he 
strikes the ground. 


SOLUTION 


Coordinate System: x—y coordinate system will be set with its origin to coincide 
with point A as shown in Fig. a. 


4 
x-motion: Here, x4 = 0, xg = 100 (2) = 80m and (vy), = v4 cos 25°. 


(3) Xg = x4 + (Va)xt 
80 = 0 + (v4 cos 25°)t 
_ 80 
7 v 4 cos 25° 


() 


3 
y-motion: Here, y4 = 0, yg = —[4 4 100(2) = —64m and (va), = vasin 25° 


and a, = =g = —9.81 m/s’. 


1 
(+1) ya = Yat (waht t 2 
š 1 2 
—64 = 0 + vasin 25°t + z 98D 
4.90507 — vasin 25° t = 64 


Substitute Eq. (1) into (2) yieldS 


2 
4.905 | = 
v4 cos 25° 


80 $ 
——— | = 20.65 
( V4 COS =) 


80 


— = 4,545 
v4 cos 25° 


va = 19.42 m/s = 19.4 m/s 


Substitute this result into Eq. (1), 


80 


= ig cos25° ~ 494465 


f 
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12-97. Continued 


Using this result, 


(+1) (vB); = (wa)y + ayt 


= 19.42 sin 25° + (—9.81)(4.5446) 


= —36.37 m/s = 36.37 m/s | 


(vg)x = (vA)x = va cos 25° = 19.42 cos 25° = 17.60 m/s > 


vg = V (vg); + (vp); 
= V 36.37 + 17.607 


= 40.4 m/s 
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12-98. 


Determine the horizontal velocity v4 of a tennis ball at A so 
that it just clears the net at B. Also, find the distance s where 
the ball strikes the ground. 


SOLUTION 


Vertical Motion: The vertical component of initial velocity is (vp), = 0. For the ball 
to travel from A to B, the initial and final vertical positions are (sọ), = 7.5 ft and 
Sy = 3 ft, respectively. 


(+1) Sy = (so), + (vo), t 4 TO P 


1 
3=75+0+ z 322i 


ti = 0.5287 s 


For the ball to travel from A to C, the initial and final vertical positions are 
(so)y = 7.5 ft and s, = 0, respectively. 


(+1) Sy = (So)y + (Vo)yt 4 La)? 


1 
0=75 +0 + z 3226 
tz = 0.6825 s 
Horizontal Motion: The horizontal component of velocity is (vo), = v4. For the ball 


to travel from A to B, the initial and final horizontal positions are (sọ), = 0 and 
S, = 21 ft, respectively. The time is £ = t4 = 0.5287 s. 


(+) Sx = (50)x + (vo)xt 
21 = 0 + v4 (0.5287) 
va = 39.72 ft/s = 39.7 ft/s Ans. 


For the ball to travel from A to C, the initial and final horizontal positions are 
(so)x = 0 and są = (21 + s) ft, respectively. The time is £ = t) = 0.6825 s. 


( +) Sy = (50) + (U)xt 
21 + s = 0 + 39.72(0.6825) 
s = 6.11 ft 


Ans: 
va = 39.7 ft/s 
s = 6.11 ft 
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12-99. 


The missile at A takes off from rest and rises vertically to B, 
where its fuel runs out in 8 s. If the acceleration varies with 
time as shown, determine the missile’s height hz and 
speed vp. If by internal controls the missile is then suddenly 
pointed 45° as shown, and allowed to travel in free flight, 
determine the maximum height attained, Aç, and the 
range R to where it crashes at D. 


SOLUTION 


40 
=—t=5t 
g 


dv = adt 


v t 
f dv = f 5t dt 
0 0 


v = 2.517 


When t = 8s, vg = 2.5(8)* = 160 m/s 
ds = v dt 


Ss t 
/ ds = f 2.50? dt 
0 0 
2.5 


3 
3 


2.5 
hz = 3 (8)° = 426.67 = 427m 


(vg), = 160 sin 45° = 113.14 m/s 
(vg); = 160 cos 45° = 113.14 m/s 


D v? = vp + 2a, (S — so) 
(113.14)? + 2(—9.81) (se — 426.67) 
1079.1 m = 1.08 km 


Vogt 


0 + 113.14¢t 


1 
t) s= s t Vot t 5 et” 


1 
0 = 426.67 + 113.14¢ + z (981) 


Solving for the positive root, t = 26.36 s 
Then, 
R = 113.14 (26.36) = 2983.0 = 2.98 km 
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*12-100. 


The projectile is launched with a velocity vp. Determine the 
range R, the maximum height h attained, and the time of 
flight. Express the results in terms of the angle 0 and vp. The 
acceleration due to gravity is g. 


SOLUTION 


= So + Vot 


= 0 + (v cos 0)t 


0 + (vp sin 0) t + jor 


=v ETR ) = 
A 28 Uo COS 0 


R vp (2 sin@ cos0) 


Vo cos 0 Vo g cos 0 


2v 
£2 sin 0 
E 


v? = v + 2a(s — So) 
0 = (vsin 0} + 2(-8)(h — 0) 


we 


h = 5, sin’ 6 
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12-101. 


The drinking fountain is designed such that the nozzle is 
located from the edge of the basin as shown. Determine the 
maximum and minimum speed at which water can be 
ejected from the nozzle so that it does not splash over the 
sides of the basin at B and C. 


SOLUTION 


Horizontal Motion: 


(5) s = 09 


R 


R=v,sin40°t t= ———— 
va sin 40° 


Vertical Motion: 


S = So 
o 1 2 
— 0.05 = 0 + v4 cos 40°t + z981 


Substituting Eq.(1) into (2) yields: 


R 1 R.A 
—0.05 = 40° H 9.81 
SASOS (= sin w) 2 ( ) (= sin w) 


TOS J 4.905R2 
^ V sin 40° (R cos 40° + 0.05 sin 40°) 
At point B, R = 0.1 m. 


eE J 4.905 (0.1)2 0.838 m/ 
i = Ui. m/s 
min “AN sin 40° (0.1 cos 40° + 0.05 sin 40°) 


At point C, R = 0.35 m. 


ae d 4.905 (0.35)2 ape 
= A. m/s 
max 4A N sin 40° (0.35 cos 40° + 0.05 sin 40°) 
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Ans: 
Vmin = 0.838 m/s 
Vmax = 1.76 m/s 
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12-102. 


If the dart is thrown with a speed of 10 m/s, determine the 
shortest possible time before it strikes the target. Also, what 
is the corresponding angle 04 at which it should be thrown, 
and what is the velocity of the dart when it strikes the 
target? 


SOLUTION 
Coordinate System. The origin of the x-y coordinate system will be set to coincide 
with point A as shown in Fig. a. 
Horizontal Motion. Here, (v4), = 10 cos 04 —, (5,4), = 0 and (sg), = 4m >. 
(5) (a) = Gals + ade 
4 = 0 + 10cos 04t 


t = = 
10 cos 04 


Also, 


(5) (Ug)y = (wa)x = 10 cos 04 > 


Vertical Motion. Here, (va), = 10 sin 04 f, (s4); = (sp)y = 0 and a, = 9.81 m/s} 


(+1) (sg), = (Sa)y t (va) t t ; 


ay P 
. 1 2 
0= 0+ (10sin 04) £ + 5 (—9.81)t 
4.90577 — (10 sin 04) t = 0 


t (4.905t — 10 sin 04) = 0 


Since t # 0, then 


4.905t — 10 sin@, = 0 


Also 
(+1) (a) = wa} + 2a [sey — Gayl 
(vg); = (10 sin 04} + 2 (—9.81) (0 — 0) 
(vg), = —10sin 04 = 10 sin 04) 


Substitute Eq. (1) into (3) 


4.905 ( 


=m] 10si =0 
10 cos =) ond 


1.962 — 10 sin 64 cos 04 = 0 


Using the trigonometry identity sin 20, = 2 sin 04 cos 04, this equation becomes 
1.962 — 5 sin 20, = 0 
sin 204 = 0.3924 
204 = 23.10° and 264 = 156.90° 
04 = 11.55° and 64 = 78.45° 


108 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


12-102. Continued 


Since the shorter time is required, Eq. (1) indicates that smaller 6, must be choosen. 
Thus 


6, = 11.55° = 11.6° Ans. 


4 


t= 10 cos 11.55° = 0.4083 s = 0.408 s 


Substitute the result of 04 into Eq. (2) and (4) 
(vg)x = 10 cos 11.55° = 9.7974 m/s > 


(vg), = 10 sin 11.55° = 2.0026 m/s | 


Thus, the magnitude of vg is 


vp = V (wp + (wp) = V9.7974 + 2.0026? = 10 m/s 


And its direction is defined by 


oa] 4 (20% 
= tan 
(vB)x 9.7974 


) = 11.55° = 11.6 “SG Ans. 


0g = tan" 


Ans: 

64 = 11.6° 

t = 0.408 s 
0g = 11.6°SG 
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12-103. 


If the dart is thrown with a speed of 10 m/s, determine the 
longest possible time when it strikes the target. Also, what is 
the corresponding angle 04 at which it should be thrown, 
and what is the velocity of the dart when it strikes the 
target? 


SOLUTION 


Coordinate System. The origin of the x-y coordinate system will be set to coincide 
with point A as shown in Fig. a. 
Horizontal Motion. Here, (v4), = 10 cos 04 —, (54), = Oand (sg), =4m >. 
+ 
(5) Ga) = Gale + Cadet 
4 = 0 + 10cos 04t 


= 4 
10 cos 04 


Also, 
(5) (vg): = (va) = 10 cos 04 > 


Vertical Motion. Here, (v4), = 10 sin 041, (s4), = (8g)y = 0 and 
a, = —9.81 m/s?\. 


(+1) Go) = (aly + Otta 


0 = 0 + (10sin 04) t + Z981) iz 
4.90517 — (10 sin 04) t = 0 
t (4.905t — 10 sin 04) = 0 

Since t + 0, then 
4.905 t — 10 sin 0, = 0 

Also, 
(vs); = (va); + 2 ay, [(sp)y — (Sa)y] 
(vg); = (10 sin 04} + 2 (—9.81) (0 — 0) 
(vg), = —10 sin 64 = 10sin 04} 


Substitute Eq. (1) into (3) 


4.905 ( — 10sin@, = 0 


10 cos z 
1.962 — 10 sin 64 cos 04 = 0 


Using the trigonometry identity sin 204 = 2 sin 04 cos 04, this equation becomes 
1.962 — 5 sin 204 = 0 
sin 204 = 0.3924 
204 = 23.10° and 204 = 156.90° 
04 = 11.55° and 04 = 78.44° 
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12-103. Continued 


Since the longer time is required, Eq. (1) indicates that larger 04 must be choosen. 
Thus, 


O04 = 78.44° = 78.4° Ans. 


4 


p= 10 cos 78.44° = 1.9974 s = 2.00 s 


Substitute the result of 04 into Eq. (2) and (4) 
(vg) = 10 cos 78.44° = 2.0026 m/s > 


(vg), = 10 sin 78.44° = 9.7974 m/s | 


Thus, the magnitude of vg is 


vp = V(vp)2 + (ve) = V2.00267 + 9.7974 = 10 m/s 


And its direction is defined by 


ve) E (2u 
= tan 
(vg), 2.0026 


) = 78.44° = 78.4° “NG 


0g = tan 


Ans: 

04 = 78.4° 

t = 2.00s 

0g = 78.4°SG 
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*12-104. 


The man at A wishes to throw two darts at the target at B so 
that they arrive at the same time. If each dart is thrown with 
a speed of 10 m/s, determine the angles 0c and @p at which 
they should be thrown and the time between each throw. 
Note that the first dart must be thrown at 6¢ (>6p), then 
the second dart is thrown at 0p. 


SOLUTION 


(5) S = So + Vot 


5 = 0 + (10 cos 0) t 
(+Î) v=w+at 
—10 sin 0 = 10 sin 0 — 9.81 t 


_ 2(10 sin 8) 


981 = 2.039 sin 0 


From Eq. (1), 
5 = 20.39 sin 6 cos 0 


Since sin 20 = 2 sin 0 cos 0 
sin 20 = 0.4905 

The two roots are 0p = 14.7° 
Oc = 75.3° 

From Eq. (1): tp = 0.517 s 

tc = 1.97s 


So that At = tc — tp = 1.45s 


Ans: 

Op = 14.7° 

6c = 75.3° 

At = tc — tp = 1.45s 
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12-105. 


The velocity of the water jet discharging from the orifice can 
be obtained from v = V2gh, where h = 2mis the depth of 
the orifice from the free water surface. Determine the time 
for a particle of water leaving the orifice to reach point B 
and the horizontal distance x where it hits the surface. 


SOLUTION 


Coordinate System: The x-y coordinate system will be set so that its origin coincides 
with point A. The speed of the water that the jet discharges from A is 


V4 = /2(9.81)(2) = 6.264 m/s 
x-Motion: Here, (v4), = v4 = 6.264 m/s, x4 = 0, xg = x,andt = t4. Thus, 
(+) Xg = x4 + (Va) 
x = 0 + 6.264t 4 €) 


y-Motion: Here, (v4), = 0, a, = =g = —9.81 m/s’, ya = 0m, yg = —1.5 m, and 
t = ty. Thus, 


2 


(+1) ys = ya + (vat 4 Lat 


1 
15=0+04 af 9.81)t47 


ta = 0.553 s 


x = 0 + 6.264(0.553) = 3.46 m 


Ans: 
ta = 0.553 S 


x = 3.46m 
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12-106. 

The snowmobile is traveling at 10 m/s when it leaves the 


embankment at A. Determine the time of flight from A to B 
and the range R of the trajectory. 


SOLUTION 


(5) Sp = SA + Vat 


R = 0 + 10cos 40° t 


+f = s4 + vat + Lag 
2 


3 1 
-r(3) = 0 + 10sin 40° — 3 (9.81) A 


Solving: 
R = 19.0 m 


t = 2.48s 


114 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


12-107. 


The fireman wishes to direct the flow of water from his hose 
to the fire at B. Determine two possible angles 6, and 0, at 
which this can be done. Water flows from the hose at 
va = 80 ft/s. 


SOLUTION 


= So + Vot 


= 0 + (80)(cos 0)t 


1 2 
= So + vot T 7 ad 


1 
0 — 80 (sin 0)t + z 3221? 


20 = 80 sin 0 0:4373 t+ 163 
cos 0 


20 cos? 6 = 17.5 sin 20 + 3.0816 


0.1914 
cos? 0 


Solving, 
6, = 24.9° (below the horizontal) 
6, = 85.2° (above the horizontal) 


Ans: 
0, = 24.9°SG 
b = 85.2° £ 
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*12-108. 


The baseball player A hits the baseball at v4 = 40 ft/s and 
04 = 60° from the horizontal. When the ball is directly 
overhead of player B he begins to run under it. Determine 
the constant speed at which B must run and the distance d 
in order to make the catch at the same elevation at which 
the ball was hit. 


v4 = 40 ft/s 


SOLUTION 


Vertical Motion: The vertical component of initial velocity for the football is 
(vo), = 40 sin 60° = 34.64 ft/s. The initial and final vertical positions are (so), = 0 
and s, = 0, respectively. 


( H 1) Sy = (so)y H (Vo)y t + a, r 


1 
0 = 0 + 34.640 4 zí 32.2) 7 
t = 2.1525 


Horizontal Motion: The horizontal component of velocity for the baseball is 
(vo)x = 40 cos 60° = 20.0 ft/s. The initial and final horizontal positions are 
(so). = 0 and s, = R, respectively. 


(4) Sy = (So) x S (vo)xt 
R = 0 + 20.0(2.152) = 43.03 ft 
The distance for which player B must travel in order to catch the baseball is 


d = R— 15 = 43.03 — 15 = 28.0 ft Ans. 


Player B is required to run at a same speed as the horizontal component of velocity 
of the baseball in order to catch it. 


vg = 40 cos 60° = 20.0 ft/s Ans. 


Ans: 
d = 28.0 ft 


vg = 20.0 ft/s 
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12-109. 


The catapult is used to launch a ball such that it strikes the 
wall of the building at the maximum height of its trajectory. 
If it takes 1.5 s to travel from A to B, determine the velocity 
v4 at which it was launched, the angle of release 0, and the 
height h. 


SOLUTION 
(5) 5 = vot 


= v, cos 0(1.5) 
(+1) = 1 + 2a(s — so) 

= (vasin 0)? + 2(—32.2)(h — 3.5) 
(4T) v= + at 

0 = vasin 0 — 32.2(1.5) 
To solve, first divide Eq. (2) by Eq. (1), to get 0. Then 
0 = 76.0° 
va = 49.8 ft/s 


h = 39.7 ft 


Ans: 

0 = 76.0° 

va = 49.8 ft/s 
h = 39.7 ft 
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12-110. 


An automobile is traveling on a curve having a radius of 
800 ft. If the acceleration of the automobile is 5 ft/s’, 
determine the constant speed at which the automobile is 
traveling. 


SOLUTION 


Acceleration: Since the automobile is traveling at a constant speed, a, = 0. 
2 


Thus, a, = a = 5 ft/s’. Applying Eq. 12-20, a, = = we have 
P 


v = Vpa, = V800(5) = 63.2 ft/s 


Ans: 
v = 63.2 ft/s 
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12-111. 


Determine the maximum constant speed a race car can 
have if the acceleration of the car cannot exceed 7.5 m/s” 
while rounding a track having a radius of curvature of 
200 m. 


SOLUTION 


Acceleration: Since the speed of the race car is constant, its tangential component of 
acceleration is zero, i.e., a, = 0. Thus, 


v = 38.7 m/s 


Ans: 
v = 38.7m/s 
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*12-112. 


A boat has an initial speed of 16 ft/s. If it then increases its 
speed along a circular path of radius p = 80 ft at the rate of 
v = (1.5s) ft/s, where s is in feet, determine the time needed 
for the boat to travel s = 50 ft. 


SOLUTION 


a, = 15s 


S v 
f 1.5s ds = i v dv 
0 16 


0.75 s? = 0.5 v? — 128 


c= V256 + 1.5 3? 


s ds t 
Se = | 1225 a 
[ Vs? + 170.7 J 
In (s + Vs? + 170.7) |, = 1.225t 


In (s s? + 170.7) — 2.570 = 1.225t 
Ats = 50 ft, 
t = 1.68s 
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12-113. 


The position of a particle is defined by r = {4(t — sin ñi 
+ (20? — 3)j} m, where t is in seconds and the argument for 
the sine is in radians. Determine the speed of the particle and 
its normal and tangential components of acceleration when 
t=1s. 


SOLUTION 


r = 4(t — sin i + (20 — 3)j 


dr F . 
= 4(1 — cos Ai + (40j 


v|;-1 = 1.838791 + 4j 


v = V (1.83879) + (4)? = 4.40 m/s 


4 o 
(a) = 65.312° 26 


a= 4sinri + 4j 


aļ,-1 = 3.3659i + 4j 


a = V (3.3659)? + (4)? = 5.22773 m/s” 


4 
= tan! = 49,920° 0 
3.3659 


5 = 0 — $ = 15.392° 


a = 5.22773 cos 15.392° = 5.04 m/s? 
a„ = 5.22773 sin 15.392° = 1.39 m/s? 


Ans: 

v = 4.40 m/s 
a, = 5.04 m/s” 
a, = 1.39 m/s” 
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12-114. 


The automobile has a speed of 80 ft/s at point A and an 
acceleration a having a magnitude of 10 ft/s’, acting in 
the direction shown. Determine the radius of curvature 
of the path at point A and the tangential component of 
acceleration. 


SOLUTION 


Acceleration: The tangential acceleration is 


a, = a cos 30° = 10 cos 30° = 8.66 ft/s? Ans. 


and the normal acceleration is a, = a sin 30° = 10 sin 30° = 5.00 ft/s. Applying 
2 


Eq. 12-20, 4, = we have 
P 


Ans: 
a, = 8.66 ft/s? 
p = 1280 ft 
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12-115. 


The automobile is originally at rest at s = 0. If its speed is 
increased by ò = (0.05’) ft/s’, where t is in seconds, 
determine the magnitudes of its velocity and acceleration 
whent = 18s. 


SOLUTION 
a, = 0.05% 


v t 
fa- [00s ear 
0 0 


v = 0.0167 Ë 


S t 
| ds = I 0.0167 ť® dt 
0 0 


s = 4.167(107°) 4 
When t = 18s, s = 437.4 ft 


Therefore the car is on a curved path. 
v = 0.0167(18°) = 97.2 ft/s 


97.2) 
a, = ca 39.37 ft/s? 
240 


a, = 0.05(187) = 16.2 ft/s? 
a = V (39.37} + (16.2) 


a = 42.6 ft/s? 
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Ans: 
v = 97.2 ft/s 
a = 42.6 ft/s? 
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*12-116. 


The automobile is originally at rest s = 0. If it then starts to 
increase its speed at ù = (0.0527) ft/s”, where t is in seconds, 
determine the magnitudes of its velocity and acceleration at 
s = 550 ft. 


SOLUTION 


The car is on the curved path. 


a, = 0.057 


v t 
[o= [vos ea 
0 0 


v = 0.0167 Ë 


S t 
| ds = [ 0.0167 £ dt 
0 0 


s = 4.167(1077) 4 

550 = 4.167(10 >) £ 

t = 19.06 s 

So that 

v = 0.0167(19.06)* = 115.4 


v = 115 ft/s 


— (115.4)? 
~ 240 


= 55.51 ft/s? 


an 


a, = 0.05(19.06)* = 18.17 ft/s? 


a = V(55.51)? + (18.17)? = 58.4 ft/s? 
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115 ft/s 
58.4 ft/s” 
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12-117. 


The two cars A and B travel along the circular path at 

constant speeds v4 = 80 ft/s and vg = 100 ft/s, respectively. 

If they are at the positions shown when t = 0, determine the 

time when the cars are side by side, and the time when they A x 
are 90° apart. ft = 400 ft 


rg = 390 ft 


SOLUTION 
a) Referring to Fig. a, when cars A and B are side by side, the relation between 
their angular displacements is 
OB — 64 ET (1) 


Here, s4 = vat = 80t and sg = vg t = 100 t. Apply the formula s = rô or 0 = * Then 
r 


sg _ 100 _ 10, 
rp 390 39 
sa 80t_ 1 


= t 
r, 400 5 
Substitute these results into Eq. (1) 


63 = 


t = 55.69s = 55.78 Ans. 


(b) Referring to Fig. a, when cars A and B are 90° apart, the relation between their 
angular displacements is 


Og + Z = O44 
B 2 A 


0g = O44 (2) 


Here,s, = v4t = 80tandsz = vgt = 100 t. Applying the formulas = r0 or 0 = a 
r 


sg _ 100t _ 10, 
rp 390 39 
sa 80t_ 1 


= =-t 
r, 400 5 


0g = 


A 


Substitute these results into Eq. (2) 
10 

at 

39 
t = 27.84s = 27.85 


Ans: 
When cars A and B are side by side, t = 55.7 s. 


When cars A and B are 90° apart, t = 27.8 s. 
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12-118. 


Cars A and B are traveling around the circular race track. At 
the instant shown, A has a speed of 60 ft/s and is increasing 
its speed at the rate of 15 ft/s? until it travels for a distance of 
1007 ft, after which it maintains a constant speed. Car B has 
a speed of 120 ft/s and is decreasing its speed at 15 ft/s? until 
it travels a distance of 657 ft, after which it maintains a 
constant speed. Determine the time when they come side by 
side. 


SOLUTION 


Referring to Fig. a, when cars A and B are side by side, the relation between their 
angular displacements is 


04, = OR +7 (60) 


The constant speed achieved by cars A and B can be determined from 
(vale = (Yayo + 24a) [sa — (so)a] 
(va) = 60? + 2(15) (1007 — 0) 
(v4)- = 114.13 ft/s 
(vp)z = (vp)o + 2(ap): [sg — (50) a] 
(vg)? = 1207 + 2 (—15) (65a — 0) 
(vg). = 90.96 ft/s 


The time taken to achieve these constant speeds can be determined from 
(va): = (va)o + (aa): (ta 
114.13 = 60 + 15(t,4); 
(ta) = 3.6084 s 
(vB): = (YB)o + (ag): (ta) 
90.96 = 120 + (—15) (tg); 
(tg); = 1.9359 s 


Let ¢ be the time taken for cars A and B to be side by side. Then, the times at 
which cars A and B travel with constant speed are (t4) = t — (t4); = t — 3.6084 
and (tgh Zp (tg) = t — 1.9359. Here, (sa) = 1007, (sa) — (va)e (ta)2 = 
114.13 (t = 3.6084), (sg) = 65r and (Sp)2 = (Vp)e (tg) = 90.96 (t = 1.9359). 


Using, the formula s = r@ or 0 = È ; 
r 


© (sa) | (sa)2 _ 1007r — 114.13 (t — 3.6084) 


04 = (04) + (8a) Fa H ra = 400 H 400 


= 0.2853 t — 0.24414 


(sa), (sB) _ 65m , 90.96 (t — 1.9359) 
(0s) = H = H 
rp rp 390 390 
= 0.2332 t + 0.07207 


Substitute these results into Eq. (1), 
0.2853 t — 0.24414 = 0.2332 t + 0.07207 + a 


t = 66.39 s = 66.4 s 
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12-119. 


The satellite S travels around the earth in a circular path 
with a constant speed of 20 Mm/h. If the acceleration is 
2.5 m/s’, determine the altitude h. Assume the earth’s 
diameter to be 12 713 km. 


SOLUTION 


= 20M eee 10° 
v= m/h = 36000 7 (10°) m/s 


. dv 
Since a, = a = 0, then, 


a = ån F” 


_ 6.5600)? 


= 6 
r 12.35(10°) m 


The radius of the earth is 


12 713(10°) 


5 = 6.36(10°) m 


Hence, 


h = 12.35(10°) — 6.36(10°) = 5.99(10°) m = 5.99 Mm 


Ans: 
h = 5.99 Mm 
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*12-120. 


The car travels along the circular path such that its speed is 
increased by a, = (0.5e’) m/s’, where f is in seconds. 
Determine the magnitudes of its velocity and acceleration 
after the car has traveled s = 18m starting from rest. 
Neglect the size of the car. 


SOLUTION 


t 
i 0.5e! dt 
0 


= 0.5(e' — 1) 


t 
= os f (e' — 1)dt 
0 


= 0.5(e' — t — 1) 
Solving, 
3.7064 s 


= 0.5(e3-74 — 1) = 19.85 m/s = 19.9 m/s 


= b = 0.5e'|,-370645 = 20.35 m/s” 


2 2 

v 19.85 
—= = 13.14 m/s? 
; 30 m/s 


Va + a = V20.352 + 13.14 = 24.2 m/s? 


Ans: 
v = 19.9 m/s 
a = 24.2 m/s? 
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12-121. 


The car passes point A with a speed of 25 m/s after which its 
speed is defined by v = (25 — 0.15s) m/s. Determine the 
magnitude of the car’s acceleration when it reaches point B, 
where s = 51.5 m and x = 50 m. 


SOLUTION 
Velocity: The speed of the car at B is 


vg = [25 — 0.15(51.5)] = 17.28 m/s 


Radius of Curvature: 


[ i Gi)’ [1 + (-s2(10%)x) J 
dy 
dx? 


= 324.58 m 


vg’ 17.28? 
p 324.58 


= 0.9194 m/s? 


a= 2 = (25 — 0.15s)(—0.15) = (0.225s — 3.75) m/s? 


When the car is at B (s = 51.5 m) 


a, = [0.225(51.5) — 3.75] = —2.591 m/s? 


Thus, the magnitude of the car’s acceleration at B is 


a= Væ + a = V(-2.591)? + 0.91942 = 2.75 m/s? 
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Ans: 
a = 2.75 m/s” 
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12-122. 


If the car passes point A with a speed of 20 m/s and begins 
to increase its speed at a constant rate of a, = 0.5 m/s’, 
determine the magnitude of the car’s acceleration when 
s = 101.68 m and x=0. 


SOLUTION 

Velocity: The speed of the car at C is 
vc? = va? + 2a, (sc — sa) 
vc? = 20° + 2(0.5)(100 — 0) 
vc = 22.361 m/s 


Radius of Curvature: 


Acceleration: 


a, = ù = 0.5 m/s 


vc? 22.361? 


an = 


= 1.60 m/s? 
p 312.5 


The magnitude of the car’s acceleration at C is 


a= Va Ha = v0.52 + 1.602 


Ans: 
a = 1.68 m/s” 
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12-123. 
The motorcycle is traveling at 1 m/s when it is at A. If the 


speed is then increased at = 0.1 m/s’, determine its speed 
and acceleration at the instant t = 5 s. 


SOLUTION 


a,=v=01 


1 
= so + vot + zad 


0 + 1(5) + 3(0.1)(5)" = 6.25m 


= 1+ 0.1(5) = 1.5 m/s 


v (1.5)? 
an= —_ = 


p 3117 


a = V (0.1)? + (0.0605)? = 0.117 m/s? 


= 0.0605 m/s? 


Ans: 
v = 1.5 m/s 
a = 0.117 m/s” 
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*12-124, 


The box of negligible size is sliding down along a curved 
path defined by the parabola y = 0.4x”. When it is at A 
(x, = 2m, y4 = 1.6m), the speed is v = 8m/s and the 
increase in speed is dv/dt = 4m/ s? Determine the 
magnitude of the acceleration of the box at this instant. 


SOLUTION 


[1 + ere [1 + 2.679? 
dy 7 |0.8| 


dx’ 


= 8.396 m 
x=2m 


g2 


= = 2 
3.306 7.622 m/s 


+ a2 = V(4F + (7.622)? = 8.61 m/s? 


Ans: 
a = 8.61 m/s” 
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12-125. 


The car travels around the circular track having a radius of r= 300 m 
such that when it is at point A it has a velocity of 5 m/s, which is 
increasing at the rate of ù = (0.06) m/s*, where t is in seconds. 
Determine the magnitudes of its velocity and acceleration when it 
has traveled one-third the way around the track. 


SOLUTION 


a, = v = 0.06t 
dv = a,dt 


v t 
/ dv = f 0.06¢ dt 
S 0 


v = 0.03 + 5 
ds = v dt 


$ t 
f ds = f (0.0307 + 5) dt 
0 0 


s = 0.0107 + 5t 


1 
s = z (27(300)) = 628.3185 


0.0107 + St — 628.3185 = 0 

Solve for the positive root, 

t = 35.58 s 

v = 0.03(35.58)? + 5 = 42.978 m/s = 43.0 m/s 
_ wv _ (42.978) 

m 300 

a, = 0.06(35.58) = 2.135 m/s” 


6.157 m/s” 


a = V(6.157)? + (2.135)? = 6.52 m/s 


Ans: 
v = 43.0 m/s 
a = 6.52 m/s” 
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12-126. 


The car travels around the portion of a circular track having 
a radius of r = 500 ft such that when it is at point A it has a 
velocity of 2 ft/s, which is increasing at the rate of 
v = (0.0022) ft/s”, where ¢ is in seconds. Determine the 
magnitudes of its velocity and acceleration when it has 
traveled three-fourths the way around the track. 


SOLUTION 
a, = 0.002 s 


a,ds = v dv 


a 
/ 0.002s ds = ] v dv 
0 2 


1 Í 
te) E V 
0.001 = 50 - 5(2) 


v? = 0.0025? + 4 
3 
S [27(500)] = 2356.194 ft 
v? = 0.002(2356.194)" + 4 
v = 105.39 ft/s = 105 ft/s 


_ wv _ (105.39)? 
p 500 


= 22.21 ft/s? 


a, = 0.002(2356.194) = 4.712 ft/s? 


a = V (22.21) + (4.712)? = 22.7 ft/s? 


Ans: 
= 105 ft/s 
22.7 ft/s? 
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12-127. 


At a given instant the train engine at E has a speed of 
20m/s and an acceleration of 14m/s’ acting in the 
direction shown. Determine the rate of increase in the 
train’s speed and the radius of curvature p of the path. 


SOLUTION 
a, = 14 cos 75° = 3.62 m/s” 
a, = 14 sin 75° 


_ (20? 
= p 


an 


p = 29.6 m 
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*12-128. 


The car has an initial speed vy = 20 m/s. If it increases its 
speed along the circular track at s = 0, a, = (0.88) m/s’, 
where s is in meters, determine the time needed for the car 
to travel s =25 m. 


SOLUTION 


The distance traveled by the car along the circular track can be determined by 
integrating v dv = a, ds. Using the initial condition v = 20 m/s ats = 0, 


Vv 5 
: vdv = f 0.8 s ds 
20 m/s 0 


2/0 
= = 045? 
20 m/s 


v = Í VOS (5 + 500) } m/s 


; ; : ; ds . PE Pe 
The time can be determined by integrating dt = — with the initial condition 
s=Oatt=0, j 


t 25m 
f J= I ds 
0 0 V0.8(s? + 500) 


1 25m 


l 2 
Vox [nls + Vs? + 500) | f 


= 1.076 s = 1.08s 


t 
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12-129. 


The car starts from rest at s = 0 and increases its speed at 
a, = 4 m/s’. Determine the time when the magnitude of 
acceleration becomes 20 m/s”. At what position s does this 
occur? 


SOLUTION 


Acceleration. The normal component of the acceleration can be determined from 


ON Bese 


yw 


~ 40 


a, 


From the magnitude of the acceleration 


2\2 
Veta; 20=,/4 4 (2 ) v = 28.00 m/s 


40 
Velocity. Since the car has a constant tangential accelaration of a, = 4 m/s’, 


v =v + at; 28.00 =0+ 4¢ 


t = 6.999 s = 7.00s 


v? = v + 2a,5; 28.007 = 0? + 2(4)s 


s = 97.98 m = 98.0 m 
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12-130. 


A boat is traveling along a circular curve having a radius of 
100 ft. If its speed at t = 0 is 15 ft/s and is increasing at 
ù = (0.8t) ft/s’, determine the magnitude of its acceleration 
at the instant ¢ = 5s. 


SOLUTION 


v 5 
i dv 1 0.8tdt 
15 0 


25 ft/s 


v 25? 
= — = — = 6.25 ft/s? 
p 100 i 


a, = ù = 0.8(5) = 4 ft/s? 


a = Væ + a = V£ + 6.25 = 7.42 ft/s” 


Ans: 
a = 7.42 ft/s? 
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12-131. 


A boat is traveling along a circular path having a radius of 
20 m. Determine the magnitude of the boat’s acceleration 
when the speed is v = 5 m/s and the rate of increase in the 
speed is ù = 2 m/s”. 


SOLUTION 
a, = 2 m/s” 


2 52 
a, = = 5g 7 125 m/s" 


a= Var bo = VZ + 1.25 


Ans: 
a = 2.36 m/s 
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*12-132. 


Starting from rest, a bicyclist travels around a horizontal circular 
path, p = 10m, at a speed of v = (0.091? + 0.1t) m/s, 
where t is in seconds. Determine the magnitudes of his velocity 
and acceleration when he has traveled s = 3 m. 


SOLUTION 


S t 
fo = [cov + 0.11)dt 
0 0 


s = 0.038 + 0.057 
When s = 3m, 3 = 0.038 + 0.057 


Solving, 
t = 4.147s 


ds 
v = — = 0.097 + 0.1t 
dt 


v = 0.09(4.147)? + 0.1(4.147) = 1.96 m/s 


d 
= = Oe 04 = 0.8465 m/s? 
dt t=4.147s 


2: 
yw 2 


1.96 
aan 0.3852 m/s” 


a= Va + a = V(0.8465)" + (0.3852)? = 0.930 m/s? 


Ans: 
v = 1.96 m/s 
a = 0.930 m/s” 
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12-133. 


A particle travels around a circular path having a radius of 
50 m. If it is initially traveling with a speed of 10 m/s and its 
speed then increases at a rate of ù = (0.05 v) m/s’, 
determine the magnitude of the particle’s acceleraton four 
seconds later. 


SOLUTION 
Velocity: Using the initial condition v = 10 m/s att = Os, 


d 
ss 


a 
t v 
d 
f= food 
0 10 m/s 0.05v 


t= 20n 
10 


v = (10e!) m/s 
When t = 4s, 
v = 10e% = 12.214 m/s 


Acceleration: When v = 12.214 m/s (t = 4s), 


a, = 0.05(12.214) = 0.6107 m/s? 


o% (12.214) 
p 50 


= 2.984 m/s? 


Thus, the magnitude of the particle’s acceleration is 


a= Va? + a2 = V0.6107 + 2.984? = 3.05 m/s? 


Ans: 
a = 3.05 m/s" 
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12-134. 


The motorcycle is traveling at a constant speed of 60 km/h. 
Determine the magnitude of its acceleration when it is at 
point A. 


SOLUTION 
Radius of Curvature: 


y= V2x!/2 


dy 1 i 
p ye eee 1/2 
sP z V2 


=— V2x73/2 


2 13/2 1 2 13/2 
1+ (2) 1+ 5 V2x7 "2 
dx 2 
7 = = 364.21 m 
dy |- 123/2 
dx? 4 


Acceleration: The speed of the motorcycle at a is 


km \/ 1000 m 1h 
v («0 z) T (ss) 16.67 m/s 


v 16.67 
i, == 


p 364.21 


= 0.7627 m/s” 


Since the motorcycle travels with a constant speed, a, = 0. Thus, the magnitude of 
the motorcycle’s acceleration at A is 


a= Va? + a2 = VO + 0.7627 = 0.763 m/s? Ans. 


Ans: 
a = 0.763 m/s” 
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12-135. 


When t= 0, the train has a speed of 8 m/s, which is increasing 
at 0.5 m/s”. Determine the magnitude of the acceleration of 
the engine when it reaches point A, at t= 20 s. Here the radius 
of curvature of the tracks is p 4 = 400 m. 


SOLUTION 


Velocity. The velocity of the train along the track can be determined by integrating 
dv = a, dt with initial condition v = 8 m/s att = 0. 


v t 
f dv = fos dt 
8 m/s 0 


v-8=05t 
v = {0.5t + 8} m/s 


v|,=205 = 0.5(20) + 8 = 18 m/s 


Acceleration. Here, the tangential component is a, = 0.5 m/s’. The normal 
component can be determined from 


2 182 
a, = — = — = 0.81 m/s? 
p 400 


Thus, the magnitude of the acceleration is 
a=V a; F a, 
= V0.5 + 0.81 


= 0.9519 m/s* = 0.952 m/s” 


Ans: 
a = 0.952 m/s” 
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*12-136. 


At a given instant the jet plane has a speed of 
550 m/s and an acceleration of 50 m/s? acting in the 
direction shown. Determine the rate of increase in the 
plane’s speed, and also the radius of curvature p of the path. 


SOLUTION 


Acceleration. With respect to the n-t coordinate established as shown in Fig. a, the 
tangential and normal components of the acceleration are 


a, = 50 cos 70° = 17.10 m/s? = 17.1 m/s? Ans. 
a, = 50 sin 70° = 46.98 m/s? 


However, 


2 
46.98 = 350° 
P 


p = 6438.28 m = 6.44 km Ans. 


144 


Ans: 

a, = 17.1 m/s” 
a, = 46.98 m/s” 
p = 6.44 km 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


12-137. 


The ball is ejected horizontally from the tube with a speed 
of 8 m/s. Find the equation of the path, y = f(x), and then 
find the ball’s velocity and the normal and tangential 
components of acceleration when t = 0.25 s. 


SOLUTION 
v, = 8 m/s 
(=) = Vol 


= 8 


+f = Sp t+ Vot + Lae 
( 3 


1 
0+0+ 7-98) 


—4,90517 


2 
x 
-4.905( 2) 


y = —0.0766x? (Parabola) 
V = vo + at 
v, = 0 — 9.81t 
When t = 0.25 s, 


— 2.4525 m/s 


v = V (8f + (2.4525)? = 8.37 m/s 


2.4525 
0 = tan-*( 3 ) = 17.04° 


1 = 0 a, = 9.81 m/s* 


9.81 cos 17.04° = 9.38 m/s” 


a, = 9.81 sin 17.04° = 2.88 m/s? 
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12-138. 


The motorcycle is traveling at 40 m/s when it is at A. If the 
speed is then decreased at ù =— (0.05 s) m/s”, where s is in 
meters measured from A, determine its speed and 
acceleration when it reaches B. 


SOLUTION 


Velocity. The velocity of the motorcycle along the circular track can be determined 
by integrating vdv = ays with the initial condition v = 40 m/s ats = 0. Here, 


a, = —0.05s. 
if —0.05 sds 
0 


—0.025 s? | 
40 m/s 


v = { V1600 — 0.05 s?} m/s 


At B,s = r = so(7) = 507 m. Thus 


Ug = V|; =507m = 1600 — 0.05(507)? = 19.14 m/s = 19.1 m/s 


Acceleration. At B, the tangential and normal components are 
a, = 0.05(507) = 2.57 m/s” 


vh _ 19.14? 


= = 2 
p 150 2.4420 m/s 


ay = 


Thus, the magnitude of the acceleration is 


a= Væ + a = V(25m)? + 2.4420? = 8.2249 m/s* = 8.22 m/s Ans. 


And its direction is defined by angle ¢ measured from the negative t-axis, Fig. a. 


$ tan (£) an ( 2420) 
a 2.57 


= 17.27 = 17.3° 


Ans: 

vg = 19.1 m/s 

a = 8.22 m/s 

ġo = 17.3° 

up from negative —t axis 
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12-139. 


Cars move around the “traffic circle” which is in the shape of 


an ellipse. If the speed limit is posted at 60 km/h, determine 2 
the minimum acceleration experienced by the passengers. (60) T COA 


SOLUTION 


bx? + ay? = eh? 


d 
b*(2x) + aly) =0 
dx 
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12-139. Continued 


Set a = 60m, b = 40m, 


_ 60(10)° _ bo 
v= 3600 Lo m/s 


_ (16.67)°(40) 
amin 7 (60) 


= 3.09 m/s” 


Ans: 


amin = 3-09 m/s” 
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*12-140. 


Cars move around the “traffic circle” which is in the shape of 
an ellipse. If the speed limit is posted at 60 km/h, determine 
the maximum acceleration experienced by the passengers. 


SOLUTION 


bx? + ay? = ab? 


d 
b?(2x) + Py) = 


S = 60m, b = 40 OY ieee 
eta = 60m,b = 40m,v = 3600 1° m/s 


_ (16.67)°(60) 
(40? 


am ax 


= 10.4 m/s" 
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x2 


(60) 


Ans: 


amax = 10.4 m/s? 
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12-141. 


A package is dropped from the plane which is flying with a 
constant horizontal velocity of v4 = 150 ft/s. Determine 
the normal and tangential components of acceleration and 
the radius of curvature of the path of motion (a) at the 
moment the package is released at A, where it has a 
horizontal velocity of v4 = 150 ft/s, and (b) just before it 
strikes the ground at B. 


SOLUTION 
Initially (Point A): 


(an)a = g = 32.2 ft/s? 
(a)4 = 0 


7 150)? 
au- ^ p 
PA PA 


pa = 698.8 ft 

(e)k = (Pa) = 150 ft/s 

(+1) v? = + 2a,(s — so) 
(vg), = 0 + 2(32.2)(1500 — 0) 
(vg), = 310.8 ft/s 


vg = V (150)? + (310.8)? = 345.1 ft/s 


VB, 310.8 
0 = tan ) = tan=( 150 ) = 64.23° 
VB, 


(ang = g cos 0 = 32.2 cos 64.24° = 14.0 ft/s? 


(a)g = g sin 0 = 32.2 sin 64.24° = 29.0 ft/s? 


345.1)? 
0= ( ) 
PB 


(an)B = 


vp 
PB 


Pg = 8509.8 ft = 8.51(10°) ft 


Ans: 

(an)a = g = 32.2 ft/s? 
(a)a = 0 

pa = 699 ft 

(a„)g = 14.0 ft/s? 
(a)g = 29.0 ft/s? 

pp = 8.51(10°) ft 


150 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


12-142. 


The race car has an initial speed v4 = 15 m/s at A. If it 
increases its speed along the circular track at the rate 
a, = (0.4s) m/s’, where s is in meters, determine the time 
needed for the car to travel 20 m. Take p = 150 m. 


SOLUTION 


v dv 


a, = 0.45 = ds 


1v? = 0.48? + 225 


d 
v = Ë = Vode? + 225 


n 


‘Si d t 
f a f dt 
0 V0.4? + 225 0 


= 0.632 456t 


7 ds 
[ Vs? + 562.5 
In (s + Vs? + 562.5)| = 0.632 456t 
0 


1n (s s? + 562.5) — 3.166 196 = 0.632 456t 


Ats = 20m, 


t= 1.21s 
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12-143. 


The motorcycle travels along the elliptical track at a 
constant speed v. Determine its greatest acceleration if 
a> b. 


SOLUTION 


152 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*12-144, 


The motorcycle travels along the elliptical track at a 
constant speed v. Determine its smallest acceleration if 
a >b. 


SOLUTION 


bx? + ay? = eh? 


d 
b?(2x) + Py) = 
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12-145. 


Particles A and B are traveling counter-clockwise around a 
circular track at a constant speed of 8 m/s. If at 
the instant shown the speed of A begins to increase by 
(a,)4 =(0.4s 4) m/s’, where s, is in meters, determine the 
distance measured counterclockwise along the track from B 
to A when t = 1s. What is the magnitude of the 
acceleration of each particle at this instant? 


SOLUTION 


Distance Traveled: Initially the distance between the particles is 


120° 
do = pd (ae 


When t = 1 s, B travels a distance of 


dz = 8) =8m 


a = 10.47m 


The distance traveled by particle A is determined as follows: 


vdv = ads 


f vdv = | 0.4 sds 
8 m/s 0 


v = 0.6325V s2 + 160 
_ ds 
Vv 


dt 


; ips f ds 
0 0 0.6325V s + 160 


1 s + 1604+ 5 


1= I 
0.6325 |" /160 


s = 8.544 m 


Thus the distance between the two cyclists after t = 1 s is 


d = 10.47 + 8.544 — 8 = 11.0 m 


Acceleration: 

For A, when ż = 1s, 
(a,)4 = va = 0.4(8.544) = 3.4176 m/s? 
v4 = 0.6325 8.5442 + 160 = 9.655 m/s 


va 9.6557 


(an)a =— = 18.64 m/s? 
P 


The magnitude of the A’s acceleration is 


a, = V3.4176° + 18.64 = 19.0 m/s? 
For B, when t = 1s, 
(a). = VA 0 
VB 


p 


2 


8 
(an)g = z 7 12.80 m/s? 


The magnitude of the B’s acceleration is 


ag = VO + 12.807 = 12.8 m/s? 
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Ans: 

d = 11.0m 

a4 = 19.0 m/s? 
ag = 12.8m/s” 
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12-146. 


Particles A and B are traveling around a circular track at a 
speed of 8 m/s at the instant shown. If the speed of B is 
increasing by (a,)z = 4 m/s’,and at the same instant A has an 
increase in speed of (a,),4 = 0.8¢ m/s”, determine how long it 
takes for a collision to occur. What is the magnitude of the 
acceleration of each particle just before the collision occurs? 


SOLUTION 


Distance Traveled: Initially the distance between the two particles is dy = p0 


120° 
= 5 r) = 10.47 m. Since particle B travels with a constant acceleration, 


distance can be obtained by applying equation 


2 


1 
SB = (So)B + (vost 4 z Act 


1 
sp = 0+ 8+ > (4)? = (8t +27) m 
The distance traveled by particle A can be obtained as follows. 


dva = a, dt 


vA t 
f dv, = [ 0.8 tdt 
8 m/s 0 


va = (0.47 + 8) m/s 


ds, = vy, at 


s t 
f as = [ (0.4? + 8) dt 
0 0 


s4 = 0.133303 + 8t 


In order for the collision to occur 


Sa + dy = Sp 


0.133327 + 8t + 10.47 = 8t + 27 
Solving by trial and error t = 2.5074s = 2.51 s Ans. 


240° 
Note: If particle A strikes B then, s4 = 5 r) + spg. This equation will result in 


180° 
t = 14.6s > 2.51s. 


Acceleration: The tangential acceleration for particle A and B when t = 2.5074 are 
(a,)4 = 0.8t = 0.8 (2.5074) = 2.006 m/s? and (a,)g = 4 m/s’, respectively. When 
t = 2.5074 s, from Eq. [1],u4 = 0.4(2.50747) + 8 = 10.51 m/s and vg = (up)g + act 
= 8 + 4(2.5074) = 18.03 m/s. To determine the normal acceleration, apply Eq. 12-20. 


2 2 
10.51 
laja An = 22.11 m/s? 
p 3 
vp _ 18.03? 
p 


(a,)p = 5 65.01 m/s? 


The magnitude of the acceleration for particles A and B just before collision are 


aa = Vaya + (Gy) = V2.0062 + 22.11? = 22.2 m/s? Ans. 


ag = V(a)% + (a, = V4 + 65.01? = 65.1 m/s? Ans. 


155 


Ans: 

t= 2.51s 

a4 = 22.2 m/s" 
ag = 65.1m/s” 
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12-147. 


The jet plane is traveling with a speed of 120 m/s which is 
decreasing at 40 m/s* when it reaches point A. Determine 
the magnitude of its acceleration when it is at this point. 
Also, specify the direction of flight, measured from the 
x axis. 


SOLUTION 


x 
yr 15 1n (=) 


dy 15 
dx * 


x = 80m 


dy 15 


2 2 
dx X^ |x =80m 


dy\273/2 
wa 
_ dx 
d’y 


dx? x= 80m 


0.002344 


[1 + (0.1875)? 
= = 449.4m 
|—0.002344| 


= 32.04 m/s” 


a = V(—40)? + (32.04)? = 51.3 m/s” 


dy 
— = tan 0 = 0.1875 
dx 


0 = 10.6° 
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*12-148. 


The jet plane is traveling with a constant speed of 110 m/s 
along the curved path. Determine the magnitude of the 
acceleration of the plane at the instant it reaches 
point A(y=0). 


SOLUTION 


x 
yr 15 1n (=) 


dy 15 


0.002344 
y 3/2 


[1 + (0.1875)? ]>? 
~ — |~0.002344| 


= 449.4 m 


v2 (110) 
== = 2. g 
an 7 4494 9 m/s 


Since the plane travels with a constant speed, a, = 0. Hence 


a = a, = 26.9 m/s 


Ans: 
a = 26.9 m/s 
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12-149. 


The train passes point B with a speed of 20 m/s which is 
decreasing at a, = —0.5 m/s”. Determine the magnitude of Eo 
acceleration of the train at this point. y = 200 e000 


SOLUTION 


Radius of Curvature: 


y= 200¢1000 


dy 
dx 
dy 1 Poe <3) ore 
aa 02( 755) = 0.2(10-)e 1000 


th a 
= 1000 = 1000 
200( an)? 0.2e 


3/2 


x 2 

yy 1+ (02 ca 
= = 3808.96 m 
o2(10")erio 


Acceleration: 


2 
ov 207 
a, = — 


= = 0.1050 m/s” 
p 3808.96 mar 


The magnitude of the train’s acceleration at B is 


a= Va; + a, = V(-0.5)? + 0.1050? = 0.511 m/s? 


Ans: 
a = 0.511 m/s” 
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12-150. 


The train passes point A with a speed of 30 m/s and begins 
to decrease its speed at a constant rate of a, = —0.25 m/s’. 
Determine the magnitude of the acceleration of the train 
when it reaches point B, where sag = 412 m. 


x 


y = 200 e1000 


SOLUTION 


Velocity: The speed of the train at B can be determined from 


vg? = v4" + 2a, (sg — Sa) 
vg? = 30? + 2(—0.25)(412 — 0) 
Vg = 26.34 m/s 


Radius of Curvature: 


y = 200em 


dx 
d’y 


dx 


zyj” 1 + | 0.2e0 
+ ——, 


= 3808.96 m 


Acceleration: 
a, = v = —0.25 m/s” 


26.347 4 
= 380896 0.1822 m/s 


The magnitude of the train’s acceleration at B is 


a= Va; + a, = V(—-0.5)? + 0.18222 = 0.309 m/s” 


Ans: 
a = 0.309 m/s” 
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12-151. 


The particle travels with a constant speed of 300 mm/s 
along the curve. Determine the particle’s acceleration when 
it is located at point (200 mm, 100 mm) and sketch this 


vector on the curve. 


SOLUTION 
v = 300 mm/s 


_w _, 
“o as 
_ 20(10°) 

~ Xx 

dy = 200) 


2 
dx | x=200 x 


dy _ 40(10°) 


2 3 
dx" | x=200 x 


= 5(10°7) 


[1+ (PÈ f+ (—osyp 


p= 


d > z 
T Isao 3) 


v? (300%? 
Un TE 


p 2195 
a= Va? + a 
= V(0) + (322) = 322 mm/s” 


= 322 mm/s” 


Since Ë = -0.5 
ince = S 


@ = tan '(—0.5) = 26.6°7 


= 279.55 mm 


160 


20(10°) 
x 


Aa 


ALEZ, OMA 2. 


Ans: 
a = 322 mm/s” 
6 = 26.6° 7 
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*12-152. 


A particle P travels along an elliptical spiral path such 
that its position vector xr is defined by 
r = {2 cos(0.1t)i + 1.5 sin(0.1t)j + (2t)k} m, where t is in 
seconds and the arguments for the sine and cosine are given 
in radians. When t= 8s, determine the coordinate 
direction angles a, 8, and y, which the binormal axis to the 
osculating plane makes with the x, y, and z axes. Hint: Solve 
for the velocity vp and acceleration ap of the particle in 
terms of their i, j, k components. The binormal is parallel to 
Vp X ap. Why? 


SOLUTION 
rp = 2 cos (0.1f)i + 1.5 sin (0.1t)j + 27k 


vp =r = —0.2 sin (0.1/)i + 0.15 cos (0.10)j + 2k 

ap = ¥ = —0.02 cos (0.12)i — 0.015 sin (0.11)j 

When t = 8s, 

vp = —0.2 sin (0.8 rad)i + 0.15 cos (0.8 rad)j + 2k = —0.143 47i + 0.104 51j + 2k 


ap = —0.02 cos (0.8 rad)i — 0.015 sin (0.8 rad)j = —0.013 934i — 0.010 76j 


Since the binormal vector is perpendicular to the plane containing the m-t axis, and 
ap and vp are in this plane, then by the definition of the cross product, 


i j k 
b = vp X ap = | —0.14347 0.10451 2| = 0.021 52i — 0.027 868j + 0.003k 
—0.013 934 -0.01076 0 


b = V (0.02152)? + (—0.027868)2 + (0.003)? = 0.035 338 


u, = 0.608 99i — 0.788 62j + 0.085k 
a = cos !(0.608 99) = 52.5° Ans. 
B = cos ‘(—0.788 62) = 142° Ans. 


y = cos !(0.085) = 85.1° Ans. 


Note: The direction of the binormal axis may also be specified by the unit vector 
uy = ~u, which is obtained from b’ = a, X v,. 


For this case, œ = 128°, B = 37.9°, y = 94.9° Ans. 


= 52.5° 
= 142° 
85.1° 
= 128°, B = 37.9°, y = 94.9° 
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12-153. 


The motion of a particle is defined by the equations 
x = (2t + ť)m and y= (t°)m, where t is in seconds. 
Determine the normal and tangential components of the 
particle’s velocity and acceleration when t = 2 s. 


SOLUTION 
Velocity: Here,r = {(2¢ + t?) i+? i} m. To determine the velocity v, apply Eq. 12-7. 


-4 
dt 


2tj } m/s 


When f¢=2s, v= [2 + 2(2)li + 2(2)j = {6i + 4j} m/s. Then v= VE +4 
= 7.21 m/s. Since the velocity is always directed tangent to the path, 


22-828 m/s ~ 
and v, = 7.21 m/s Ans. Q22B26 ml. 
4 
The velocity v makes an angle 0 = tan! %7 33.69° with the x axis. 


Acceleration: To determine the acceleration a, apply Eq. 12-9. 


d 
a = = [2i + 2j) m/s? 


a= V2 + ? = 2.828 m/s” 


2 
The acceleration a makes an angle ¢ = tan! a 45.0° with the x axis. From the 
figure, a = 45° — 33.69 = 11.31°. Therefore, 


a, = asin a = 2.828 sin 11.31° = 0.555 m/s? 


a, = a cos a = 2.828 cos 11.31° = 2.77 m/s” 
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12-154. 


If the speed of the crate at A is 15 ft/s, which is increasing at 


a rate ù= 3 ft/s’, determine the magnitude of the 
acceleration of the crate at this instant. 


SOLUTION 


Radius of Curvature: 
1s 
16 

dy 1 


dx 8” 


Pe Gy" beled 


a, = ù = 3ft/s? 


Acceleration: 


v 157 


ay, = 


= = 6.856 ft/s? 
p 32.82 is 


The magnitude of the crate’s acceleration at A is 


a= Va? + a2 = V3* + 6.8562 = 7.48 ft/s 


Ans: 


a = 7.48 ft/s? 
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12-155. 


A particle is moving along a circular path having a radius 
of 4 in. such that its position as a function of time is given 
by @ = cos 2t, where 0 is in radians and f is in seconds. 
Determine the magnitude of the acceleration of the particle 
when 6 = 30°. 


SOLUTION 
When 6 = % rad, = cos 2t t = 0.5099 s 


—2 sin 2t —1.7039 rad/s 
t=0.5099 s 


. a6 n 
= — 7 = —4cos 2t = —2.0944 rad/s 
dt 1=0.5099 s 


r=0 r=0 


a, = Ý} — rọ? = 0 — 4(—1.7039)? = —11.6135 in./s? 


ag = rð + 270 = 4(—2.0944) + 0 = —8.3776 in./s? 


a = Va + a = V(-11.6135)? + (—8.3776)2 = 14.3 in./s? 


Ans: 
a = 143 in./s? 
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*12-156. 


For a short time a rocket travels up and to the right at a 
constant speed of 800 m/s along the parabolic path 
y = 600 — 35x”. Determine the radial and transverse 
components of velocity of the rocket at the instant 6 = 60°, 
where @ is measured counterclockwise from the x axis. 


SOLUTION 
y = 600 — 35x? 


y = 1.732051x 
1.732051x = 600 — 35x? 
x? + 0.049487x — 17.142857 = 0 
Solving for the positive root, 
x = 4.1157 m 
d 
tan 0’ = oe 
6’ = 89.8011° 
p = 180° — 89.8011° — 60° = 30.1989° 
v, = 800 cos 30.1989° = 691 m/s 
va = 800 sin 30.1989° = 402 m/s 
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12-157. 


A particle moves along a path defined by polar coordinates 
r = (2e’) ft and 0 = (87’) rad, where t is in seconds. Determine 
the components of its velocity and acceleration when t= 1 s. 


SOLUTION 
Whent = 1s, 
r = 2e! = 5.4366 
i = 2e! = 5.4366 
Ý = 2e! = 5.4366 
0 = 8P 
6 = 16t = 16 
6 = 16 
= r = 5.44 ft/s 
= rb = 5.4366(16) = 87.0 ft/s 
a, = 7 — r(0P = 5.4366 — 5.4366(16)* = —1386 ft/s? 
dy = rÖ + 270 = 5.4366(16) + 2(5.4366)(16) = 261 ft/s? 


Ans: 

v, = 5.44 ft/s 

Ug = 87.0 ft/s 

a, = —1386 ft/s 
dy = 261 ft/s? 
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12-158. 


An airplane is flying in a straight line with a velocity of 
200 mi/h and an acceleration of 3 mi/h’. If the propeller 
has a diameter of 6 ft and is rotating at an angular rate of 
120 rad/s, determine the magnitudes of velocity and 
acceleration of a particle located on the tip of the 
propeller. 


SOLUTION 


200 mi \/ 5280 ft\/ 1h re 
po ar imi /\3600s) “"” > 


3mi\/5280ft\f 1h V 0.001 22 ft/s? 
erh a JA Imi /\ 3600s) ~ 5 


Up, = 120(3) = 360 ft/s 


v = Vuh + v3, = V(293.3) + (360)? = 464 ft/s 


2 360)? 
= B 2 a 500 ft/s? 
p 3 


= Vab + ab, = V(0.001 22)? + (43 200)? = 43.2(103) ft/s? 


Ans: 
v = 464 ft/s 
a = 43.2(10°) ft/s? 
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12-159. 


The small washer is sliding down the cord OA. When it is at 
the midpoint, its speed is 28 m/s and its acceleration is 
7 m/s?. Express the velocity and acceleration of the washer 
at this point in terms of its cylindrical components. 


SOLUTION 


The position of the washer can be defined using the cylindrical coordinate system 
(r, 8 and z) as shown in Fig. a. Since 0 is constant, there will be no transverse com- 
ponent for v and a. The velocity and acceleration expressed as Cartesian vectors are 


r40 (0 — 2)i + (0 — 3)j + (0 — 6)k 
= = 28 
Y { a] E oy + (0 — 3} + (0 - 6}? 
_ (0) _ [| © 2i + 0- 3j + 0- Ok 
£ ( ) 1 V(0 — 2) + (0 - 32 + (0 — 6}? 
Yop 2+3) aD, 3 


if j 
V2+3 Vi V13 


|= 8i — 12j — 24k} m/s 


|= 2i — 3j — 6k} m’/s 
Tao 


u, =k 


Using vector dot product 


2 
v, = vu, = (-8i — 12j 24)-( i 


a 2 
vit vai) = (3) 
vz, = viu, = (—8i — 12j — 24k): (k) = —24.0 m/s 


ee . . of Be ie E 2 i 3 _ 2 
a = aʻu, = (—2i — 3j — 6k) (i H Ži) (+5) | (+) 3.606 m/s 
a, = aʻu, = (-2i — 3j — 6k)-k = —6.00 m/s” 


Thus, in vector form 
v = {-14.2u, — 24.0u,} m/s Ans. 
a = {-3.61 u, — 6.00 u,} m/s? Ans. 


These components can also be determined using trigonometry by first obtain angle ¢ 
shown in Fig. a. 


OA =VH+37+67>=7m OB = VÉ + 32 = VIB 


Thus, 


6 v13 
sind = 7 and cos ¢ = 7 Then 


v cos ġ = 


vsin ọ = 


a cos ġ = 


asin ọ = 
Ans: 
v = {-14.2u, — 24.0u,} m/s 
a = {-3.6lu, — 6.00u,} m/s” 
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*12-160. 


A radar gun at O rotates with the angular velocity of 
@ = 0.1 rad/s and angular acceleration of @ = 0.025 rad/s”, 
at the instant 6 = 45°, as it follows the motion of the car 
traveling along the circular road having a radius of 
r = 200m. Determine the magnitudes of velocity and 
acceleration of the car at this instant. 


SOLUTION 


Time Derivatives: Since r is constant, 


Velocity: 


va = rò = 200(0.1) = 20 m/s 


Thus, the magnitude of the car’s velocity is 


v= Vv, bug = V0? + 207 = 20 m/s 


Acceleration: 
a, = į — r& = 0 — 200(0.12) = —2 m/s? 
dy = rö + 276 = 200(0.025) + 0 = 5m/s” 


Thus, the magnitude of the car’s acceleration is 


a= Va; + ag = V(-2) + 5 = 5.39 m/s? 
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Ans: 
v = 20 m/s 
a = 5.39 m/s 
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12-161. 

If a particle moves along a path such that r = (2 cos t) ft 

and 0 = (t/2) rad, where f is in seconds, plot the path 


r = f(@) and determine the particle’s radial and transverse 
components of velocity and acceleration. 


SOLUTION 


r=2cost r=—2sint ř = —2 cost 


6=0 


r= -—2sint 


. 1 
r0 = (2 cost)( 5) = cos t 


= -2 1Y 5 
r= r0° = —2 cost (2cos J| 5 = =7 cos t 


3 ; 1 
= rð + 276 = 2 cos t(0) + 2( 2 sin)(4) = —2sint 
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12-162. 


If a particle moves along a path such that r= (e) m and 6 =t, 
where f is in seconds, plot the path r = f(@), and determine the 
particle’s radial and transverse components of velocity and 
acceleration. 


SOLUTION 


at = et 


ae 


ro = ae“ eray = e"(a? 1) 


270 = e”(0) + 2(ae")(1) = 2ae" 
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12-163. 


The car travels along the circular curve having a radius 
r = 400 ft. At the instant shown, its angular rate of rotation 
is @ = 0.025 rad/s, which is decreasing at the rate 
6 = —0.008 rad/s’. Determine the radial and transverse 
components of the car’s velocity and acceleration at this 
instant and sketch these components on the curve. 


SOLUTION 


0 


= r = 400(0.025) = 10 ft/s 


F — rê? = 0 — 400(0.025)* = —0.25 ft/s? 


= rð + 276 = 400(—0.008) + 0 = —3.20 ft/s? 


=0 

= 10 ft/s 
—0.25 ft/s? 
—3.20 ft/s” 
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*12-164. 


The car travels along the circular curve of radius r = 400 ft 
with a constant speed of v = 30 ft/s. Determine the angular 
rate of rotation 0 of the radial line r and the magnitude of 
the car’s acceleration. 


SOLUTION 


v,=r=0 vy = rò = 400( 4) 


v= V (0? + (400 a) = 30 


6 = 0.075 rad/s 


F — r = 0 — 400(0.075)* = —2.25 ft/s? 


rö + 276 = 400(0) + 2(0)(0.075) = 0 


a = V(-2.25) + (0)? = 2.25 ft/s? 


Ans: 


6 = 0.075 rad/s 
a = 2.25 ft/s 
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12-165. 


The time rate of change of acceleration is referred to as the 
jerk, which is often used as a means of measuring passenger 
discomfort. Calculate this vector, a, in terms of its 
cylindrical components, using Eq. 12-32. 


SOLUTION 


a= ¢ ri? 


i= (r =i 2rd Jw, $ 


But, u, = bug Uy = —6u, 


Substituting and combining terms yields 


i= (P - 390° - sr Ju, | (3 = 


Ans: 
a = (r — 376” — 3r00)u, 
+ (370 + 70 + 370 — r6?)u + (z)u, 
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12-166. 


A particle is moving along a circular path having a radius of 
6 in. such that its position as a function of time is given by 
6 = sin 3t, where @ is in radians, the argument for the sine are 
in radians, and ż is in seconds. Determine the acceleration of 
the particle at 0 = 30°. The particle starts from rest at 
6=0°. 


SOLUTION 
r= 6in., 

0 = sin 3t 

6 =3 cos3t 

6 = —9 sin 3t 


At @ = 30°, 


ae = sin 3t 
180°” 


t = 10.525 s 


Thus, 
ð = 2.5559 rad/s 


0 = —4.7124 rad/s? 


a, = ř— r® = 0 — 6(2.5559)? = —39.196 


dg = rÔ + 270 = 6(— 4.7124) + 0 = — 28.274 


a = V(— 39.196)? + (— 28.274)? = 48.3 in./s? 


Ans: 
a = 48.3 in./s” 
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12-167. 


The slotted link is pinned at O, and as a result of the 
constant angular velocity 0 = 3 rad/s it drives the peg P for 
a short distance along the spiral guide r = (0.4 6) m, where 
0 is in radians. Determine the radial and transverse 
components of the velocity and acceleration of P at the 
instant 0 = 7/3 rad. 


SOLUTION 
@=3rad/s r= 0.40 


i =0.40 


ř=0.40 


At 0= = r = 0.4189 


r = 0.4(3) = 1.20 
F = 0.4(0) = 0 
v =r = 1.20 m/s 
va = rð = 0.4189(3) = 1.26 m/s 
a, = F — rẹ? = 0 — 0.4189(3)2 = —3.77 m/s? 


ag = rö + 270 = 0 + 2(1.20)(3) = 7.20 m/s? 
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*12-168. 


For a short time the bucket of the backhoe traces the path 
of the cardioid r=25(1 — cos 0) ft. Determine the magnitudes 
of the velocity and acceleration of the bucket when @ = 120° 
if the boom is rotating with an angular velocity of ĝ = 2 rad/s 
and an angular acceleration of @ = 0.2 rad/s? at the instant 
shown. 


SOLUTION 
r = 25(1 — cos 0) = 25(1 — cos 120°) = 37.5 ft 


+ = 25 sin 06 = 25 sin 120°(2) = 43.30 ft/s 

F = 25[cos 06? + sin 08] = 25[cos 120°(2)? + sin 120°(0.2)] = —45.67 ft/s? 
v, = F = 43.30 ft/s 

va = rÔ = 37.5(2) = 75 ft/s 


v= Vue +v = V43.302 + 752 = 86.6 ft/s 
a, = 7 — r0? = —45.67 — 37.5(2} = —195.67 ft/s? 


ag = rð + 2r = 37.5(0.2) + 2(43.30)(2) = 180.71 ft/s? 
a= Væ + a = V(—195.67)? + 180.72 = 266 ft/s? 


= 86.6 ft/s 
= 266 ft/s? 


177 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


12-169. 


The slotted link is pinned at O, and as a result of the 
constant angular velocity ô = 3 rad/s it drives the peg P for 
a short distance along the spiral guide r = (0.4 6) m, where 
0 is in radians. Determine the velocity and acceleration of 
the particle at the instant it leaves the slot in the link, i.e., 
when r = 0.5 m. 


SOLUTION 
r=0.40 


r= 048 


7=040 


Atr = 0.5m, 


0.5 
047 1.25 rad 


r = 1.20 
ř=0 


r = 1.20 m/s 


= r = 0.5(3) = 1.50 m/s 


F — r(0} = 0 — 0.5(3)? = —4.50 m/s? 


= rő + 270 = 0 + 2(1.20)(3) = 7.20 m/s? 
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12-170. 
A particle moves in the x-y plane such that its position is 
defined by r = {2ti + 4¢°j} ft, where ¢ is in seconds. 


Determine the radial and transverse components of the 
particle’s velocity and acceleration when t = 2 s. 


SOLUTION 


r= 24+ 4Pj|,-. = 4i + 16j 


v = 21+ 8tjl-2 = 2i + 16j 


a= 8j 


16 
0= an ( 2) = 75.964° 


v = V(2) + (16)? = 16.1245 ft/s 


16 
¢= tan1( 8) = 82.875° 


a = 8 ft/s? 

$ — 6 = 6.9112° 

v, = 16.1245 cos 6.9112° = 16.0 ft/s 
Up = 16.1245 sin 6.9112° = 1.94 ft/s 
ô = 90° — 0 = 14.036° 

a, = 8 cos 14.036° = 7.76 ft/s” 


dy = 8 sin 14.036° = 1.94 ft/s? 


= 16.0 ft/s 
1.94 ft/s 
= 7.76 ft/s’ 
1.94 ft/s? 
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12-171. 


At the instant shown, the man is twirling a hose over his ; 

head with an angular velocity 6 = 2 rad/s and an angular 6 = 2 rad/s 
acceleration 6 = 3 rad/s”. If it is assumed that the hose lies 6 = 3 rad/s? 
in a horizontal plane, and water is flowing through it at a 

constant rate of 3 m/s, determine the magnitudes of the 

velocity and acceleration of a water particle as it exits the 

open end, r= 1.5 m. 


SOLUTION 
r=15 
r= 3 
7=0 
ġ=2 
§=3 


Ur 


(3)? = 4.24 m/s 


a, = ï — (6 = 0 - 1.5(2) = 6 


dg = rO + 276 = 1.5(3) + 2(3)(2) = 16.5 


a = V(6) + (16.5) = 17.6 m/s” 


Ans: 
v = 4.24 m/s 
a = 17.6m/s? 
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*12-172. 


The rod OA rotates clockwise with a constant angular velocity 
of 6 rad/s. Two pin-connected slider blocks, located at B, move 
freely on OA and the curved rod whose shape is a limaçon 
described by the equation r = 200(2 — cos 0) mm. Determine 
the speed of the slider blocks at the instant 0 = 150°. 


SOLUTION 


Velocity. Using the chain rule, the first and second time derivatives of r can be 
determined. 


r = 200(2 — cos 6) 
+ = 200 (sin 0) ð = {200 (sin 6) 6} mm/s 
7 = {200[(cos 0)6? + (sin @)6]} mm/s? 
The radial and transverse components of the velocity are 
v, = À = {200 (sin 6)0} mm/s 
Vp = rd = {200(2 — cos 0) } mm/s 
Since 8 is in the opposite sense to that of positive 0,0 = —6 rad/s. Thus, at 0 = 150°, 
v, = 200(sin 150°)(—6) = —600 mm/s 
Vg = 200(2 — cos 150°)(—6) = —3439.23 mm/s 


Thus, the magnitude of the velocity is 


v = Vv + v3 V(—600)? + (—3439.23)? = 3491 mm/s = 3.49 m/s Ans. 


These components are shown in Fig. a 


Te ae 


Ans: 
v = 3.49 m/s 
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12-173. 


Determine the magnitude of the acceleration of the slider 
blocks in Prob. 12-172 when 0 = 150°. 


SOLUTION 


Acceleration. Using the chain rule, the first and second time derivatives of r can be 
determined 


r = 200(2 — cos 6) 
t = 200 (sin 0)@ = {200 (sin 6)0 } mm/s 
r = {200[(cos 6)0? + (sin 6)6] } mm/s? 


Here, since @ is constant, @ = 0. Since 8 is in the opposite sense to that of positive 0, 
0 = —6rad/s. Thus, at 9 = 150° 


r = 200(2 — cos 150°) = 573.21 mm 
r = 200(sin 150°)(—6) = —600 mm/s 


ř = 200| (cos 150°)(—6)? + sin 150°(0) ] = —6235.38 mm/s? 


The radial and transverse components of the acceleration are 


=r — r6? = —6235.38 — 573.21 (—6)? = —26870.77 mm/s? = —26.87 m/s? 


= rő + 2r6 = 573.21(0) + 2(—600)(—6) = 7200 mm/s? = 7.20 m/s 


Thus, the magnitude of the acceleration is 


a= Vaz + a = V(—26.87) + 7.202 = 27.82 m/s? = 27.8 m/s? 


These components are shown in Fig. a. 
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Ans: 
a = 278 m/s" 
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12-174. 


A double collar C is pin connected together such that one r=4cos26 

collar slides over a fixed rod and the other slides over a 

rotating rod. If the geometry of the fixed rod for a short 2 ra 

distance can be defined by a lemniscate, 7? = (4 cos 26) ft”, \ 6 =6rad/s\ 


r 


determine the collar’s radial and transverse components of Oe 


v 

Pain 

Z WN: 
` 


velocity and acceleration at the instant 0 = 0° as shown. Rod 
OA is rotating at a constant rate of 0 = 6 rad/s. 


SOLUTION 
4 cos 20 
—4 sin 20 0 
= 7? = —4 sin 206 — 8 cos 20 6? 


when 6 = 0,6 = 6,0 = 0 
r=2,r=0,r = —144 
v, =r=0 


Vp = r0 = 2(6) = 12 ft/s 


a, = f — r0? = —144 — 2(6)? = —216 ft/s? 
ag = rö + 2rd = 2(0) + 2(0)(6) = 0 
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12-175. 


A block moves outward along the slot in the platform with 
a speed of} = (4t) m/s, where t is in seconds. The platform 
rotates at a constant rate of 6 rad/s. If the block starts from 
rest at the center, determine the magnitudes of its velocity 
and acceleration when t = 1s. 


SOLUTION 
r= 4t),_, = 4 


@=6 @= 
0 


0 
1 1 
fu = | 4tdt 
0 
r= 20?)§ =2m 
v= V (iP (rof = V (4) + [26)P = 12.6 m/s 


a= V(F — r@®)?+ (r + 240)? = VIa- 2677+ [0 + 2HOP 
= 83.2 m/s” 
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*12-176. 


The car travels around the circular track with a constant 

speed of 20 m/s. Determine the car’s radial and transverse : Ng (400 cos 6) m 
components of velocity and acceleration at the instant D \ 

0 = m/4rad. 


SOLUTION 


v = 20 m/s 


7 = 45° 
4 


r = 400 cos 0 
t = —400 sin 0 ô 
r = —400(cos 0(6)* + sin 0 0) 
wv = (F) + (r6)? 
0 = rr + r0(r6 + rö) 
Thus 
r = 282.84 
(20)? = [—400 sin 45° 6]? + [282.84 6]? 
6 = 0.05 
į = —14.14 
—14.14[—400(cos 45°)(0.05)? + sin 45° 6] + 282.84(0.05)[—14.14(0.05) + 282.840] 
0 
—0.707 


= fp = —14.1 m/s 


= rð = 282.84(0.05) = 14.1 m/s 


= ř — r (6)? = —0.707 — 282.84(0.05)} = —1.41 m/s* 


= rö + 2r6 = 6 + 2(—14.14)(0.05) = —1.41 m/s” 
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12-177. 


The car travels around the circular track such that its 

transverse component is @ = (0.006) rad, where ¢ is in ` r= (400 cos 8) m 
seconds. Determine the cars radial and transverse » \ 

components of velocity and acceleration at the instant t = 4s. 


SOLUTION 


@ = 0.006 #?|,-4 = 0.096 rad = 5.50° 
6 = 0.012 t|,-4 = 0.048 rad/s 
) = 0.012 rad/s” 

400 cos 6 

—400 sin 0 6 

—400(cos 0 (0)? + sind 6) 
At 6 = 0.096 rad 

= 398.158 m 

—1.84037 m/s 

—1.377449 m/s” 
v, = r = —1.84 m/s 


= r0 = 398.158(0.048) = 19.1 m/s 
r — r (0) = —1.377449 — 398.158(0.048)? = —2.29 m/s? 
= r = 2r 0 = 398.158 (0.012) + 2(—1.84037)(0.048) = 4.60 m/s? 
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12-178. 


The car travels along a road which for a short distance 
is defined by r = (200/0) ft, where 6 is in radians. If it 
maintains a constant speed of v = 35 ft/s, determine the 
radial and transverse components of its velocity when 
6 = 7/3 rad. 


SOLUTION 
_ 200 


0 0=77/3 rad 


1800 i) ( 
6 


6 = 0.1325 rad/s 


1800 
v, = — — (0.1325) = —24.2 ft/s 


Te 


_ 600 


T 


(0.1325) = 25.3 ft/s 
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12-179. 


A horse on the merry-go-round moves according to the 
equations r = 8 ft, 6 = (0.6¢) rad, and z = (1.5 sin 6) ft, 
where t is in seconds. Determine the cylindrical components 
of the velocity and acceleration of the horse when t = 4s. 


SOLUTION 


r=8 0 = 0.6t 
r=0 6=06 
r=0 60=0 
= 1.5sin 0 
1.5 cos 6 6 
—1.5 sin 6 (6)? + 1.5 cos 06 


= 4.80 ft/s 

= —0.664 ft/s 

= 0 — 8(0.6)? = —2.88 ft/s? 
=0+0=0 

= —0.365 ft/s” 


= 4.80 ft/s 
—0.664 ft/s 
—2.88 ft/s? 
0 

= —0.365 ft/s? 
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*12-180. 


A horse on the merry-go-round moves according to the 
equations r = 8 ft,@ = 2rad/s and z = (1.5 sin 0) ft, where 
t is in seconds. Determine the maximum and minimum 
magnitudes of the velocity and acceleration of the horse 
during the motion. 


SOLUTION 


r=8 
r=0 6=2 
r=0 6=0 

= 1.5sin 0 
>= 1.5 cos 0 0 
z = —1.5 sin 0 (0)? + 1.5 cos 0 0 

=F7=0 

= 76 = 8(2) = 16 ft/s 
(v,)max = Z = 1.5(cos 0°)(2) = 3 ft/s 
(,)min = Z = 1.5(cos 90°)(2) = 0 
Umax = V(16)? + BP = 16.3 ft/s 
Vmin = V (16)? + (0)? = 16 ft/s 
r — r(6)* = 0 — 8(2)* = —32 ft/s? 

a =r6+2r=0+0=0 
(4,)max = Z = —1.5(sin 90°)(2)* = —6 
(az)min = Z = —1.5(sin 0°)(2)? = 0 
amar = W(—32) + (0)? + (—6) = 32.6 ft/s? 
Amin = V (32) + (0)2 + (0)? = 32 ft/s? 
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Ans: 

Umax = 16.3 ft/s 
Vmin = 16 ft/s 
max = 32.6 ft/s? 
Amin = 32 ft/s? 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


12-181. 


If the slotted arm AB rotates counterclockwise with a 
constant angular velocity of @ = 2 rad/s, determine the 
magnitudes of the velocity and acceleration of peg P at 
0 = 30°. The peg is constrained to move in the slots of the 
fixed bar CD and rotating bar AB. 


SOLUTION 


Time Derivatives: 
r = 4sec0 
į = (4sec0(tand)6) ft/s 
F = 4[seco(tand)6 + (sec 0 (sec?) + tan@ secé(tan 0)4)] 
= 4[secO(tan@)d + 67(sec3@ + tan76 secé)] ft/s” 

When 0 = 30°, 

rlp-so: = 4 sec30° = 4.619 ft 

r|g=30° = (4 sec30° tan30°)(2) = 5.333 ft/s 

F |g-30° = 4[0 + 27(sec?30° + tan?30° sec 30°)] = 30.79 ft/s? 
Velocity: 

v, = + = 5.333 ft/s va = rÒ = 4.619(2) = 9.238 ft/s 


Thus, the magnitude of the peg’s velocity is 


v = V02+ vf = V5.3332 + 9.238? = 10.7 ft/s 


Acceleration: 


a, = ¥ — rO = 30.79 — 4.619(27) = 12.32 ft/s? 


ag = rË + 276 = 0 + 2(5.333)(2) = 21.23 ft/s? 


Thus, the magnitude of the peg’s acceleration is 


a= Va2+ ag = V12.32? + 21.23? = 24.6 ft/s 


Ans: 
= 10.7 ft/s 
= 24.6 ft/s 
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12-182. 


The peg is constrained to move in the slots of the fixed bar 
CD and rotating bar AB. When 0 = 30°, the angular 
velocity and angular acceleration of arm AB are 
Ô =2rad/s and @ = 3rad/s’, respectively. Determine 
the magnitudes of the velocity and acceleration of the peg 
P at this instant. 


SOLUTION 


Time Derivatives: 
r = 4secé 
f = (4sec6(tand)6) ft/s Ô = 2 rad/s 
F = 4[secð(tan0)ð + Ö(secðsec?0ð + tan@secO(tand)))] 6 = 3rad/s? 
= 4[secð(tan0)ö + 67(sec*6° + tan76°sec0°)] ft/s? 
When 0 = 30°, 
rlg=30° = 4sec30° = 4.619 ft 
7\9=30° = (4 sec30° tan 30°)(2) = 5.333 ft/s 
Flo=30° = 4[(sec30° tan30°)(3) + 27(sec*30° + tan?30° sec30°)] = 38.79 ft/s? 
Velocity: 
v, = + = 5.333 ft/s va = rO = 4.619(2) = 9.238 ft/s 


Thus, the magnitude of the peg’s velocity is 


v = Vo2+ vè = V5.3332 + 9.238? = 10.7ft/s 


Acceleration: 


a, = ¥ — r0? = 38.79 — 4.619(27) = 20.32 ft/s? 
ay = rÖ + 270 = 4.619(3) + 2(5.333)(2) = 35.19 ft/s? 


Thus, the magnitude of the peg’s acceleration is 


a= Va?+ ag = V20.322 + 35.192 = 40.6 ft/s? 
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Ans: 
v = 10.7 ft/s 
a = 40.6 ft/s? 
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12-183. 


A truck is traveling along the horizontal circular curve of 
radius r= 60m with a constant speed v = 20 m/s. 
Determine the angular rate of rotation 0 of the radial line r 
and the magnitude of the truck’s acceleration. 


SOLUTION 
r= 60 


vy, =F =0 
v= V (v)? + vy 


20 = 608 


6 = 0.333 rad/s 


a, =F — r(6! 
0 — 60(0.333) 
— 6.67 m/s? 
ag = rö + 270 
= 600 


Since 


Ans: 


6 = 0.333 rad/s 
a = 6.67 m/s” 
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*12-184. 


A truck is traveling along the horizontal circular curve of 
radius r = 60 m with a speed of 20 m/s which is increasing 
at 3m/s’. Determine the truck’s radial and transverse 
components of acceleration. 


SOLUTION 
r = 60 
a, = 3 m/s? 


v? _ (20) 5 
pi = “60, = 6.67 m/s 


—a, = —6.67 m/s” 


=a, = 3m/s 
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12-185. 


The rod OA rotates counterclockwise with a constant 
angular velocity of @ = 5 rad/s. Two pin-connected slider 
blocks, located at B, move freely on OA and the curved rod 
whose shape is a limaçon described by the equation 
r = 100(2 — cos 6) mm. Determine the speed of the slider 
blocks at the instant 0 = 120°. 


SOLUTION 

6=5 

r = 100(2 — cos 6) 

+ = 100 sin 00 = 500 sin 

F = 500 cos 00 = 2500 cos 0 

At 6 = 120°, 

v, = r = 500 sin 120° = 433.013 


va = rð = 100 (2 — cos 120°)(5) = 1250 
v = V (433.013)? + (1250)? = 1322.9 mm/s = 1.32 m/s 
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6 = 5 rad/s 


r = 100 (2 — cos 0) mm 


Ans: 
v = 1.32 m/s 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


12-186. 


Determine the magnitude of the acceleration of the slider 
blocks in Prob. 12-185 when 6 = 120°. 


SOLUTION 

ġ=5 

ġ=0 

r = 100(2 — cos 0) 

+ = 100 sin 00 = 500 sin 0 


r = 100 (2 — cos 0) mm 


F = 500 cos 66 = 2500 cos 0 
a, = f — r8? = 2500 cos 9 — 100(2 — cos 0)(5)? = 5000(cos 120° — 1) = —7500 mm/s? 


as = r + 2rĝ = 0 + 2(500 sin 0)(5) = 5000 sin 120° = 4330.1 mm/s? 
a = V (—7500)? + (4330.1)? = 8660.3 mm/s? = 8.66 m/s? Ans. 


Ans: 
a = 8.66 m/s 
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12-187. 


The searchlight on the boat anchored 2000 ft from shore is 
turned on the automobile, which is traveling along the 
straight road at a constant speed of 80 ft/s. Determine the 
angular rate of rotation of the light when the automobile is 
r = 3000 ft from the boat. 


SOLUTION 
r = 2000 csc 0 


—2000 csc 0 ctn 6 


Atr = 3000 ft, 0 = 41.8103° 


į = —3354.102 6 
v= VP + (rof 


(80)? = [(—3354.102)? + (3000)?](6)? 


6 = 0.0177778 = 0.0178 rad/s 


Ans: 
6 = 0.0178 rad/s 
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*12-188. 


If the car in Prob. 12-187 is accelerating at 15 ft/s? and has 
a velocity of 80 ft/s at the instant r = 3000 ft, determine the 
required angular acceleration 6 of the light at this instant. 


SOLUTION 
r = 2000 csc 0 


— 2000 csc ctn0 ô 
Atr = 3000 ft, 0 = 41.8103° 
j = —3354.102 6 
Ag = rö +270 
ag = 3000 6 + 2(—3354.102)(0.0177778)? 


Since dy = 15 sin 41.8103° = 10 m/s 


Then, 


6 = 0.00404 rad/s? 
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4 1,.3103° 


Ans: 
6 = 0.00404 rad/s? 
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12-189. 


A particle moves along an Archimedean spiral r = (86) ft, 
where @ is given in radians. If @ = 4 rad/s (constant), 
determine the radial and transverse components of the 
particle’s velocity and acceleration at the instant 
0 = 7/2 rad. Sketch the curve and show the components on 


r = (86) ft 
the curve. 


SOLUTION 


Time Derivatives: Since 6 is constant, 6 = 0. 


r= 89 =8(2)=4en + = 86 = 8(4) = 32.0 ft/s F 


Velocity: Applying Eq. 12-25, we have . ay=20l ffs 
v, = r = 32.0 ft/s 
Vp = r = 4r (4) = 50.3 ft/s 
Acceleration: Applying Eq. 12-29, we have 
a, = ¥ — rø = 0 — 4n(4?) = —201 ft/s? 


ag = rO + 270 = 0 + 2(32.0)(4) = 256 ft/s? 


Ans: 
a, = —201 ft/s? 
ag = 256 ft/s? 
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12-190. 


Solve Prob. 12-189 if the particle has an angular 
acceleration 0 = 5 rad/s? when 0 = 4 rad/s at 0 = 7/2 rad. 


r = (860) ft 


SOLUTION 


Time Derivatives: Here, 


T 7 A 
r=80= s(7) = 4r ft i =86 = 8(4) = 32.0 ft/s 


F = 86 = 8(5) = 40 ft/s? 
p 
U =320 fis 


Velocity: Applying Eq. 12-25, we have 
v, = r = 32.0 ft/s 
va = rÔ = 4r (4) = 50.3 ft/s O= o a„=/61 ftfe» 

VYp= 50:3 ftjs 

Acceleration: Applying Eq. 12-29, we have 


a, =F — ré = 40 — 4ar(4?) = —161 ft/s? 


dy = rO + 270 = 4r(5) + 2(32.0)(4) = 319 ft/s? 


Ans: 

v, = 32.0 ft/s 
va = 50.3 ft/s 
a, = —161 ft/s” 
ay = 319 ft/s 
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12-191. 
The armof the robot moves so that r = 3 ft is constant, and 
its grip A moves along the path z = (3 sin 40) ft, where 0 is in 


radians. If 0 = (0.5¢) rad, where t is inseconds, determine the 
magnitudes of the grip’s velocity and acceleration when ¢ = 3s. 


SOLUTION 
0=0.5t z = 3 sin 2t 
6 cos 2t 


—12 sin 2t 


v = 3(0.5) = 1.5 


v, = 5.761 


v = V(0)? + (1.5) + (5.761)? = 5.95 ft/s 


3(0.5)? = —0.75 
ag=0+0=0 


a, = 3.353 


a = V(-0.75) + (0)? + (3.353)? = 3.44 ft/s? 
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Ans: 
v = 5.95 ft/s 
a = 3.44 ft/s? 
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*12-192. 


For a short time the arm of the robot is extending at a 
constant rate such that + = 1.5ft/s when r = 3ft, 
z = (41?) ft, and 0 = 0.5trad, where ¢ is in seconds. 
Determine the magnitudes of the velocity and acceleration 
of the grip A when t = 3s. 


SOLUTION 
6 = 0.5 trad r= 3ft 


6 = 0.5 rad/s r = 1.5 ft/s 


v= 1.5 
v = 3(0.5) = 15 


v, = 24 


v = V(15) + (1.5) + (24)? = 24.1 ft/s 


a, = 0 — 3(0.5} = —0.75 
dy = 0 + 2(1.5)(0.5) = 1.5 


a, =8 


a = V(-0.75)* + (1.5)* + (8)* = 8.17 ft/s? 


Ans: 
v = 24.1 ft/s 
a = 8.17 ft/s? 
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12-193. 


The double collar C is pin connected together such that one 
collar slides over the fixed rod and the other slides over the 
rotating rod AB. If the angular velocity of AB is given as 6 = 
(e5 P) rad/s, where t is in seconds, and the path defined by 
the fixed rod is r = |(0.4 sin 0 + 0.2)| m, determine the radial 
and transverse components of the collar’s velocity and 
acceleration when ¢ = 1 s. When t = 0, 0 = 0. Use Simpson’s 
rule with n= 50 to determine 6 at t= 1 s. 


SOLUTION 
Å = e5*| _) = 1.649 rad/s 
6 = e5* t|,_, = 1.649 rad/s? 


1 
9 = f 05 "dt = 1.195 rad = 68.47° 
0 


r = 0.4sin 0 + 0.2 

r+ = 0.4 cos 00 

7 = —0.4 sin 0 6? + 0.4 cos 66 

Att = 1s, 

r = 0.5721 

t = 0.2421 

f = —0.7697 

v, = į = 0.242 m/s 

va = r Ê = 0.5721(1.649) = 0.943 m/s 
rð? = —0.7697 — 0.5721 (1.649)? 

a, = —2.33 m/s? 


a = rö + 2760 
= 0.5721(1.649) + 2(0.2421)(1.649) 
dy = 1.74 m/s" 


Ans: 

v, = 0.242 m/s 
Vp = 0.943 m/s 
a, = —2.33 m/s” 
dy = 1.74m/s" 
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12-194. 


The double collar C is pin connected together such that one 
collar slides over the fixed rod and the other slides over the 
rotating rod AB. If the mechanism is to be designed so that 
the largest speed given to the collar is 6 m/s, determine the 
required constant angular velocity @ of rod AB. The path 
defined by the fixed rod is r= (0.4 sin 9 + 0.2) m. 


SOLUTION 

r = 0.4sin ð + 0.2 

r = 0.4 cos 06 

0, =r= 0.4 cos 0 ô 

v = rô = (0.4sin 0 + 0.2) 6 

v =u; +o 

(6)? = [(0.4 cos 0)? + (0.4sin@ + 0.2)7](6)? 
36 = [0.2 + 0.16 sin 6](6)* 


The greatest speed occurs when 0 = 90°. 


6 = 10.0 rad/s 
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Ans: 
6 = 10.0 rad/s 
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12-195. 


If the end of the cable at A is pulled down with a speed of 
2 m/s, determine the speed at which block B rises. 


SOLUTION 


Position-Coordinate Equation: Datum is established at fixed pulley D. The 
position of point A, block B and pulley C with respect to datum are s4, Sg, and sç 
respectively. Since the system consists of two cords, two position-coordinate 
equations can be derived. 


(1) 
Spt Sc=h (2) 
Eliminating sç from Eqs. (1) and (2) yields 
Ssa + 453 = h = 2h 
Time Derivative: Taking the time derivative of the above equation yields 
va + 4vp = 0 


Since v4 = 2 m/s, from Eq. (3) 


(+1) 2 + 4ug = 0 


vg = —0.5 m/s = 0.5 m/s Î 


204 


Ans: 


vg = 0.5m/s 
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*12-196. 


The motor at C pulls in the cable with an acceleration 
ac = (3t?) m/s”, where t is in seconds. The motor at D draws 
in its cable at ap = 5 m/s”. If both motors start at the same 
instant from rest when d = 3m, determine (a) the time 
needed for d = 0, and (b) the velocities of blocks A andB 
when this occurs. 


SOLUTION 

For A: 

Sat (84 - Sc) =1 
2v4 = UC 

2a, = aç = —30" 
a4=—-15P? =15° > 
VA 

sa =0.125t* —> 
For B: 

ag =5m/° <— 
v= <— 

sg =25° <— 
Require s4 + sg = d 
0.125 + 2.517 = 3 


Set u = £? 0.1254? + 2.5u = 3 


The positive root is u = 1.1355. Thus, 


t = 1.0656 = 1.07s 


va = 0.5(1.0656)° = 0.6050 


vg = 5(1.0656) = 5.3281 m/s 


Va = Vg t VA/B 
0.6050i = —5.3281i + vapi 


vajg = 5.93 m/s > 
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Ans: 
t = 1.07s 
vag = 5.93 ms/s > 
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12-197. 


The pulley arrangement shown is designed for hoisting 
materials. If BC remains fixed while the plunger P is pushed 
downward with a speed of 4 ft/s, determine the speed of the 
load at A. 


SOLUTION 
5sg + (sg — s4) =1 
6Sg— sa =l 


v4 = 0 


6(4) VA 


va = 24 ft/s 
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Ans: 
v = 24 ft/s 
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12-198. 


If the end of the cable at A is pulled down with a speed of 
5 m/s, determine the speed at which block B rises. 


SOLUTION 


Position Coordinate. The positions of pulley B and point A are specified by position 
coordinates sg and s4, respectively, as shown in Fig. a. This is a single-cord pulley 
system. Thus, 


Sp + 2(sp —a)t+sy=l1 

35g + Sa = 1+ 2a (1) 
Time Derivative. Taking the time derivative of Eq. (1), 

3vB T Uy = 0 (2) 


Here v4 = +5 m/s, since it is directed toward the positive sense of s4. Thus, 
3v +5=0 vg = —1.667 m/s = 1.67 m/sÎ Ans. 


The negative sign indicates that vg is directed toward the negative sense of sz. 


Ans: 
vg = 1.67 m/s 
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12-199. 


Determine the displacement of the log if the truck at C 
pulls the cable 4 ft to the right. 


SOLUTION 

2sg + (Sg — Sc) = 1 
353 — sc =l 

3Asz — Asc = 0 
Since Asc = —4, then 
3Asp = —4 


Asg = —1.33 ft = 1.33 ft 


Ans: 
Asg = 1.33 ft —> 
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*12-200. 
Determine the constant speed at which the cable at A must 


be drawn in by the motor in order to hoist the load 6 m 
inlSs. 


SOLUTION 


ac 


is eT 


Uz = 


F (s8 — Sc) = 


t (Sc — Sp) =h 


t 2sp =]; 
Thus, 

2sg— sc =h 
2sc - Sp=l, 
Sa + 2p =k 
204 = Uc 

2vc = Up 

va = —2Up 
2(2vg) = Up 
va = —2(4vp) 


V4 = —8vz 


va = —8(-4) = 32m/s | 
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12-201. 


Starting from rest, the cable can be wound onto the drum of 
the motor at a rate of v4 = (3/7) m/s, where t is in seconds. 
Determine the time needed to lift the load 7 m. 


SOLUTION 
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12-202. 


If the end A of the cable is moving at v 4 =3 m/s, determine 
the speed of block B. 


SOLUTION 


Position Coordinates. The positions of pulley B, D and point A are specified by 
position coordinates sz, sp and s4 respectively as shown in Fig. a. The pulley system 
consists of two cords which give 


2sp + Sp =h (68) 


and 


Sa —2sp=h -b 
Time Derivative. Taking the time derivatives of Eqs. (1) and (2), we get 
20g + Vp = 0 
va — wp = 0 
Eliminate vp from Eqs. (3) and (4), 
va + 4uvg = 0 
Here v4 = +3 m/s since it is directed toward the positive sense of s4. 
Thus 
3 + 4vg = 0 


vg = —0.75 m/s = 0.75 m/s < Ans. 


The negative sign indicates that vp is directed toward the negative sense of sp. 


fh 
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Ans: 
vg = 0.75 m/s 
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12-203. 


Determine the time needed for the load at B to attain a 
speed of 10 m/s, starting from rest, if the cable is drawn into 
the motor with an acceleration of 3 m/s?. 


SOLUTION 


Position Coordinates. The position of pulleys B, C and point A are specified by 
position coordinates sg, sc and s4 respectively as shown in Fig. a. The pulley system 
consists of two cords which gives 


Sg + 2(s8 ~ Sc) = 


35g = 2sc — L 


sc+tsa=h 
Time Derivative. Taking the time derivative twice of Eqs. (1) and (2), 
3ag — 2aç = 0 
And 
ac +a, =0 
Eliminate ac from Eqs. (3) and (4) 
3ag + 2a, = 0 
Here, a4, = +3 m/s? 


3ag + 2(3)=0 ag =-2m/? = 2m/s’ Î 


since it is directed toward the positive sense of s4. Thus, 


The negative sign indicates that ag is directed toward the negative sense of sz. 
Applying kinematic equation of constant acceleration, 


+f Vg = (Ug)o + agt 
10=0+2t 
t = 5.00s 
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*12-204. 


The cable at A is being drawn toward the motor at v , =8 m/s. 
Determine the velocity of the block. 


SOLUTION 


Position Coordinates. The position of pulleys B, C and point A are specified by 
position coordinates sg, sc and s4 respectively as shown in Fig. a. The pulley system 
consists of two cords which give 


Sg t+ 2($Sg — sc) = h 

3sg — 2sc = 4 (69) 
And 

sc+tsa=h (2) 
Time Derivative. Taking the time derivatives of Eqs. (1) and (2), we get 

3vg — wc = 0 (3) 
And 

Vc + V4 = 0 (4) 
Eliminate vç from Eqs. (3) and (4), 

3vg + 204 = 0 
Here v4 = +8 m/s since it is directed toward the positive sense of s4. Thus, 


30g + 2(8) =0 vg = —5.33 m/s = 5.33 m/s Î Ans. 


The negative sign indicates that vz is directed toward the negative sense of sg. 
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vp = 5.33 m/st 
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12-205. 


If block A of the pulley system is moving downward at 6 ft/s 
while block C is moving down at 18 ft/s, determine the 
relative velocity of block B with respect to C. 


SOLUTION 

sa + 2sg + 25c = 1 

va + 2Up + wc = 0 
6 + 2ug + 2(18) = 0 


Ug = —21 ft/s = 21 ft/s Î 


+ lug = ve + vec 


-21 = 18 + vac 


Vpic = —39 ft/s = 39 ft/s Î 


Ans: 
UB/C = 39 ft/s T 
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12-206. 


Determine the speed of the block at B. 


SOLUTION 


Position Coordinate. The positions of pulley B and point A are specified by position 


coordinates sg and s4 respectively as shown in Fig. a. This is a single cord pulley 
system. Thus, 


Sg + 2(s3 — a 
4Sg + sa = 1+ 3a + 2b 
Time Derivative. Taking the time derivative of Eq. (1), 
4vg + V4 = 0 
Here, v4 = + 6 m/s since it is directed toward the positive sense of s4. Thus, 
4ugp +6=0 


vg = —1.50m/s = 1.50 m/s <— 


The negative sign indicates that vz is directed towards negative sense of sg. 


Ans: 
vg = 1.50 m/s 
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12-207. 


Determine the speed of block A if the end of the rope is 
pulled down with a speed of 4 m/s. 


SOLUTION 


Position Coordinates: By referring to Fig. a, the length of the cord written in terms 
of the position coordinates s4 and spg is 


Spt s4+2(s4-ay=l 


Sg + 3s4 = l + 2a 


Time Derivative: Taking the time derivative of the above equation, 


(+)) vg+t3va=0 


Here, vg = 4 m/s. Thus, 


4+ 3v4 =0 va = —133 m/s = 1.33 m/s Î 
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Ans: 
va = 133m/s 
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*12-208. 


The motor draws in the cable at C with a constant velocity 
of vc = 4 m/s. The motor draws in the cable at D with a 
constant acceleration of ap = 8 m/s’. If vp = 0 when t= 0, 
determine (a) the time needed for block A to rise 3 m, and 
(b) the relative velocity of block A with respect to block B 
when this occurs. 


SOLUTION 


(a) ap = 8m/s’ 


Vp = 8t 
Sp =40? 
Sp + 2s4 = 1 

= —2As, 

= -2ť 
-3 = -2f 
t = 1.2247 = 1.22s 

= —4t = —4(1.2247) = —4.90 m/s = 4.90 m/sf 


sg + (s8 = Sc) = 1 

2UR = vc = —4 

vg = —2m/s = 2m/sf 
(+1) va =e + Vays 


—4.90 = —2 + VA/B 


Va/p = —2.90 m/s = 2.90 m/s Î 


Ans: 
vag = 2.90 m/sÎ 
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12-209. 


The cord is attached to the pin at C and passes over the two 
pulleys at A and D. The pulley at A is attached to the 
smooth collar that travels along the vertical rod. Determine 
the velocity and acceleration of the end of the cord at B if at 
the instant s4 = 4 ft the collar is moving upwards at 5 ft/s, 
which is decreasing at 2 ft/s”. 


SOLUTION 


2Vs, +3? +s, =1 


1 2 a : : 
3 (s4 +9)? 254 54) + 5g =0 


2(4)(-5) 
(4 + 9p 


= —6.80 ft/s? = 6.80 ft/s? Î Ans. 


Ans: 
vp = 8it/st 
ag = 6.80 ft/s? T 
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12-210. 


The 16-ft-long cord is attached to the pin at C and passes 
over the two pulleys at A and D. The pulley at A is attached 
to the smooth collar that travels along the vertical rod. 
When sg = 6ft, the end of the cord at B is pulled 
downwards with a velocity of 4ft/s and is given an 
acceleration of 3 ft/s’. Determine the velocity and 
acceleration of the collar at this instant. 


SOLUTION 


2Vs4 +3? + sp =1 


1 
a(S) of 7 *(2545) + 5p =0 


25,4 SA 


(s4 +. 9) 


252 (s4 + 9)? (25454) +9)? — (25484) (4 Joe 97 '(25884) | 


2(84 + S484) ae 2(s4 54) 


(4 +9) (4 + 9)? 


Sp 
At sp = 6ft, 5g = 4 ft/s, Sp =3 ft/s 
2Vs4 + 37+ 6= 16 

SA > 4 ft 


_ _ 2(4)Ga) 
(42 + 9) 


2.5 ft/s = 2.5 ft/sT 


2| (-2.5)? + 4,)] _ 2[4(-2.5)P 


(42 + 9p (42 + 9p 
aa = 84 = —2.4375 = 2.44 ft/s? 


Ans: 
v4 = 2.5 ft/s 
a, = 2.44 ft/s? Î 
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12-211. 


The roller at A is moving with a velocity of v4 = 4m/s and 
has an acceleration of a, =2m/s? when x4 = 3m. 
Determine the velocity and acceleration of block B at this 
instant. 


SOLUTION 


Position Coordinates. The position of roller A and block B are specified by 
position coordinates x4 and yg respectively as shown in Fig. a. We can relate these 
two position coordinates by considering the length of the cable, which is constant 


Vx4 +£ + yg =l 
yg =l- Vx, + 16 
Velocity. Taking the time derivative of Eq. (1) using the chain rule, 


dx, 
dt 


1 i 
7 (x4, + 16) (2x4) 


XA dx, 


Vx4+16 dt 


YB dx, 
However, —— = vg and —— = v,.Then 
dt : dt a 


XA 


—— v 
Vx4 +16 j 


At x, = 3m, v4 = +4m/s since v4 is directed toward the positive sense of x4. 
Then Eq. (2) give 


(2) 


3 


V3? + 16 


The negative sign indicates that vz is directed toward the negative sense of yz. 


vg = (4) = —2.40 m/s = 2.40 m/s Î Ans. 


Acceleration. Taking the time derivative of Eq. (2), 


dvg _ Li a qa dxa 
dt al JG T 16) (2x4) di T 


dva 


2 +16)" 
va — Xa(XA ) dt 


H dvg dva d dx, 
owever, dt = 4p, dt = a, an dt 


= v4. Then 


XA vå vå XAG 


(x2 +16) (xp +16)? (x2 + 16)!” 


ag = 


16 v + agxa (x? + 16) 
(x? + 16)? 


apg 


Atxa = 3m, v4 = +4m/s,a4 = +2 m/s’ since vy and a, are directed toward the 
positive sense of x4. 


16(42) + 2(3)(3? + 16) 
ii (32 + 16)? 


The negative sign indicates that ag is directed toward the negative sense of yz. 


= —3.248 m/s? = 3.25m/s’? Ans. 
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*12-212. 


The girl at C stands near the edge of the pier and pulls in the 
rope horizontally at a constant speed of 6 ft/s. Determine 
how fast the boat approaches the pier at the instant the 
rope length AB is 50 ft. 


SOLUTION 
The length / of cord is 


V8 + xe + xc=1 


Taking the time derivative: 


1 : : 
z8 + xp]? 2 xgxg + xc = 0 


xc = 6 ft/s 

When AB = 50 ft, 

xg = V (50)? — (8) = 49.356 ft 

From Eq. (1) 

318” + (49.356)"]-"? 2(49.356)(xg) + 6 = 0 


Xp = — 6.0783 = 6.08 ft/s <— 


Ans: 
xp = 6.08 ft/s— 
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12-213. 


If the hydraulic cylinder H draws in rod BC at 2 ft/s, 
determine the speed of slider A. 


SOLUTION 


254 + 54 = 1 
20H = VA 
2(2) = V4, 


va = —4 ft/s = 4 ft/s — 
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12-214. 


At the instant shown, the car at A is traveling at 
10 m/s around the curve while increasing its speed at 5 m/s’. 
The car at B is traveling at 18.5 m/s along the straightaway and 
increasing its speed at 2 m/s. Determine the relative velocity 
and relative acceleration of A with respect to B at this instant. 


SOLUTION 


va = 10 cos 45% — 10 sin 45°j = {7.071i — 7.071j} m/s 
vg = {18.5i} m/s 
VA/B Z VA — UB 
= (7.071i — 7.071j) — 18.51 = {11.4291 — 7.071j} m/s 
vas = V(-11.429" + (-7.071) = 13.4 m/s 
dmm ape 
11.429 Í 
2 2 
VA 10 
(44)n = > 100 1 m/s? (a4), = 5 m/s? 
a, = (5 cos 45° — 1 cos 45°)i + (—1 sin 45° — 5 sin 45°)j 
= (2.8281 — 4.243j} m/s” 


ag = {2i} m/s? 


a4/B — a4 — Up 
(2.8281 — 4.243j) — 2i = {0.828% — 4.24j} m/s? 
aag = V0.828 + (—4.243)? = 4.32 m/s” 


_4 4.243 
0.828 


6 = tan = 790 $ 
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vg = 18.5 m/s 
— 


= 13.4m/s 
=31.7° 

= 432 m/s 
ba = 79.0° SG 
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12-215. 


The motor draws in the cord at B with an acceleration of 
ap = 2 m/s*. When s, = 1.5 m, vg = 6 m/s. Determine the 
velocity and acceleration of the collar at this instant. 


SOLUTION 


Position Coordinates. The position of collar A and point B are specified by s4 and 
Sc respectively as shown in Fig. a. We can relate these two position coordinates by 
considering the length of the cable, which is constant. 


Spt sp+P=l 


Sp =l- Vs +4 a) 


Velocity. Taking the time derivative of Eq. (1), 


SA : : 
= vgand ae v4. Then this equation becomes 


S 
vg = -—*—», (2) 


si+4 
At the instant s4 = 1.5m, vg = +6m/s. vg is positive since it is directed toward 
the positive sense of sg. 

1.5 


E |) 
Vis +4 ^ 


va = —10.0 m/s = 10.0 m/s — Ans. 


6=- 


The negative sign indicates that v4 is directed toward the negative sense of s4. 


Acceleration. Taking the time derivative of Eq. (2), 
ds, 


-1/2 
4) dt 


(sf +4) (så + 4)1? 
E Avi + aasa(s% + 4) 
a (s3 +4)” 


At the instant s4 = 1.5 m, ag = +2 m/s’. ag is positive since it is directed toward 
the positive sense of sg. Also, v4 = —10.0 m/s. Then 


4(—10.0)? + a4(1.5)(1.57 + 4) 
(1.5? + 4)? 


aa = —46.0 m/s* = 46.0 m/s*<— Ans. 


The negative sign indicates that a, is directed toward the negative sense of s4. 
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= 10.0m/s — 
= 46.0 m/s* <— 
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*12-216. 


If block B is moving down with a velocity vg and has an 
acceleration ag, determine the velocity and acceleration of 
block A in terms of the parameters shown. 


SOLUTION 


l= sg + +r 


1 
0= SB F 384 T ky 2s SA 


= sgl + P 


SA 


h 2 
va =— vg (1 + (5 je Ans. 
SA 


Ua = Sa = 


an = dq = -it + (A) y= fE Jer + (2) 202K aesa 


SA 2 


h\? vAvzh? 
a, =—a,(14 ( ) yi24 AS 14 Ans. 
SB SA 
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12-217. 


The crate C is being lifted by moving the roller at A 
downward with a constant speed of v4 = 2 m/s along the 
guide. Determine the velocity and acceleration of the crate 
at the instant s = 1m. When the roller is at B, the crate 
rests on the ground. Neglect the size of the pulley in the 
calculation. Hint: Relate the coordinates xç and x4 using 
the problem geometry, then take the first and second time 
derivatives. 


SOLUTION 
Xc T Va + (47 =] 


. 1 7 f 
xc 5 (tA 16)" (2x4)(x4) = 0 


Bie — FOR + 16)8? ODEA + A + 161 Ge) A + 16)? (xa GEA) = 0 


/=8m,andwhen s =1m, 


Xc=3m 


ve + [(3)° + 16°" (3)(2) = 0 
vc = —1.2 m/s = 1.2 m/s Î 
ac—[(8} + 16)" BY ey + (Gy + 1697 GY + 0 = 0 


ac = —0.512 m/s? = 0.512 m/s? Î 


= 1.2m/st 
0.512 m/s’T 
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12-218. 


Two planes, A and B, are flying at the same altitude. If their 
velocities are v4 = 500km/h and vg = 700km/h such 
that the angle between their straight-line courses is 0 = 60°, 
determine the velocity of plane B with respect to plane A. 


SOLUTION 


Relative Velocity. Express v , and vz, in Cartesian vector form, 


va = {-500j} km/h 
vg = {700 sin 60% + 700 cos 60°} } km/h = {350V3i +350j } km/h 
Applying the relative velocity equation. 
Vg = Va + VBJA 


350V3i + 350j = —500j + vaya 


vaya = {350V3i + 850j} km/h 
Thus, the magnitude of vg, is 
vga = V(350V3)? + 850? = 1044.03 km/h = 1044 km/h 
And its direction is defined by angle 0, Fig. a. 


850 
6 = tan! ( ) = 54.50° = 54.5° Z 


350V3 


Ans: 
UB/A = 1044 km/h 
0 = 54.5 
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12-219. 


At the instant shown, cars A and B are traveling at speeds 
of 55 mi/h and 40 mi/h, respectively. If B is increasing its 
speed by 1200 mi/h’, while A maintains a constant speed, 
determine the velocity and acceleration of B with respect 
to A. Car B moves along a curve having a radius of curvature 
of 0.5 mi. 


SOLUTION 
vg = —40 cos 30°% + 40 sin 30°j = {—34.64i + 20j} mi/h 
va = {-55i} mi/h 


UB/A 7 VBT VA 


= (—34.64i + 20j) — (—55i) = {20.361 + 20j} mi/h 


Upja = V20.36" + 20° = 28.5 mi/h 


6 = tan! = 445° £Z 


ae 
20.36 


V 
(ag), = — = = 3200 mi/h? (ag); = 1200 mi/h? 
Pp 


ag = (3200 cos 60° — 1200 cos 30°)i + (3200 sin 60° + 1200 sin 30°)j 
= {560.77i + 3371.28j} mi/h? 

a, =0 

agja — ag — a, 


= {560.77i + 3371.28j} — 0 = {560.77i + 3371.28j} mi/h? 


agja = V(560.77)? + (3371.28)? = 3418 mi/h? 


_, 3371.28 
560.77 


0 = tan = 80.6° a 
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Vp = 40 mish 


A 30° 


Ans: 

Vgja = 28.5 mi/h 
B, = 449 2 
agja = 3418 mi/h 
0, = 80.6°2 
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*12-220. 


The boat can travel with a speed of 16 km/h in still water. The 
point of destination is located along the dashed line. If the 
water is moving at 4 km/h, determine the bearing angle 6 at 
which the boat must travel to stay on course. 


SOLUTION 


Va = Vw F VB/W 


vg cos 70°i + vgsin 70°j = — 4j + 16 sin 6i + 16 cos 0j 
Vg cos 70° = 0 + 16sin0 
vp sin 70° = —4 + 16 cos 0 
2.748 sin ð — cos 0 + 0.25 = 0 
Solving, 


0 = 15.1° 
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12-221. 


Two boats leave the pier P at the same time and travel in 
the directions shown. If v4 = 40 ft/s and vg = 30 ft/s, 
determine the velocity of boat A relative to boat B. How 


long after leaving the pier will the boats be 1500 ft apart? ae fs 


SOLUTION 


Relative Velocity: 


V4 = Vp tr VA/B 


40 sin 30°i + 40 cos 30°j = 30 cos 45°i + 30 sin 45°j + v4/g 


Va/p = {—1.213i + 13.43j} ft/s 


Thus, the magnitude of the relative velocity V4/g is 


Vajp = V(-1.213)? + 13.43? = 13.48 ft/s = 13.5 ft/s 


And its direction is 


_, 13.43 


6 = tan 1213 


= 84.8° 


One can obtained the time f required for boats A and B to be 1500 ft apart by noting 
that boat B is at rest and boat A travels at the relative speed v4/g = 13.48 ft/s for a 
distance of 1500 ft. Thus 


1500 — 1500 
VA/B 13.48 


111.26 s = 1.85 min 


Ans: 

UR = 13.5 ft/s 
0 = 84.8° 

t = 1.85 min 
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12-222. 

A car is traveling north along a straight road at 50 km/h. An 
instrument in the car indicates that the wind is coming from 
the east. If the car’s speed is 80 km/h, the instrument 


indicates that the wind is coming from the northeast. Deter- 
mine the speed and direction of the wind. 


SOLUTION 


Solution I 


Vector Analysis: For the first case, the velocity of the car and the velocity of the wind 
relative to the car expressed in Cartesian vector form are v, = [50j] km/h and 
Ywic = (vwc) i. Applying the relative velocity equation, we have 


WV + Vw/e 
vy = 50j + (Vw) i 


Ww = (Vw/c)hi F 50j (í) 


For the second case, vc = [80j] km/h and vwc = (vw/c)2 cos 45°i + (Vy c)2 sin 45° j. 
Applying the relative velocity equation, we have 


Vw = Ve + Vw/c 

Vw = 80j + (Vuje)2 cos 45°i + (Wyjc)2 sin 45° j 

Yw = (Vwje)a cos 45° i + [80 + (wwe) sin 45° ]j 
Equating Eqs. (1) and (2) and then the i and j components, 

(Vwje)i = (Vw/e)2 cos 45° 

50 = 80 + (Vw/e)2 sin 45° 
Solving Eqs. (3) and (4) yields 

(Vw/c)2 = —42.43 km/h (Vw/e)1 = —30 km/h 
Substituting the result of (v,,/.); into Eq. (1), 

Vy = [-30i + 50j] km/h 


Thus, the magnitude of vw is 


v, = V (—30} + 50? = 58.3 km/h 


and the directional angle 0 that vy makes with the x axis is 


50 
6 = tan”! (3) = 5905% 


Ans: 
Vy = 58.3km/h 
0 = 59.0° & 
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12-223. 


Two boats leave the shore at the same time and travel in the 
directions shown. If v4, =10m/s and vg = 15m/s, 
determine the velocity of boat A with respect to boat B. How 
long after leaving the shore will the boats be 600 m apart? 


SOLUTION 


Relative Velocity. The velocity triangle shown in Fig. a is drawn based on the relative 
velocity equation v4 = vg + V,/g- Using the cosine law, 


vas = V10 + 15? — 2(10)(15) cos 75° = 15.73 m/s = 15.7 m/s Ans. 
Then, the sine law gives 


sing _ sin 75° 
10 15.73 


$ = 37.89 


The direction of v4/z is defined by 


0 = 45° — 6 = 45° — 37.89 = 711° & 
Alternatively, we can express v4 and vz in Cartesian vector form 
va = {—10sin 30°% + 10 cos 30%} m/s = {—5.00i + 5V/3j} m/s Y=lom|s 
vg = {15 cos 45% + 15 sin 459} m/s = {7.5V2i + 7.5V2j} m/s. 
Applying the relative velocity equation 
Va = Vg + VAB 
-500i + 5V3j = 7.5V2i + 7.5V2j + va;s 
vas = {—15.61i — 1.946j} m/s 


Thus the magnitude of v4;g is 


vag = V(-15.61)? + (—1.946)? = 15.73 m/s = 15.7 m/s 


And its direction is defined by angle 9, Fig. b, 


0 = tan (12) = 7.1088° = 7.11° 7 Ans. 


Here s4;g = 600 m. Thus 


SA/B 600 
VA/B 15.73 


38.15s = 38.1 s 


Ans: 

vag = 15.7m/s 
0 = 711°" 

t = 38.1 s 
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*12-224. 


At the instant shown, car A has a speed of 20 km/h, which is 
being increased at the rate of 300 km/h? as the car enters an 
expressway. At the same instant, car B is decelerating at 
250 km/h? while traveling forward at 100 km/h. Determine 
the velocity and acceleration of A with respect to B. 


SOLUTION 
va = {—20j} km/h vg = {100j} km/h 


VA/B — VA — YB 


= (—20j — 100j) = {-120j} km/h 


vas = 120km/h | 


v4 20 
(a4), =— = oq 7 4000 km/h? (a4), = 300 km/h? 
P $ 


a, = —4000i + (—300j) 
= {—4000i — 300j} km/h? 
ag = {—250j} km/h? 


a4/B 7 a4 — ap 


= (—4000i — 300j) — (—250j) = {—4000i — 50j} km/h? 


aag = V (4000)? + (—50)? = 4000 km/h? 


50 
0 = tan '|—— = 0.716° & 
an 4000 


Ans: 

vag = 120km/h } 
aajg = 4000 km/h? 
0 = 0.716° 7 
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12-225. 


Cars A and B are traveling around the circular race track. 
At the instant shown, A has a speed of 90 ft/s and is 
increasing its speed at the rate of 15 ft/s’, whereas B has a 
speed of 105 ft/s and is decreasing its speed at 25 ft/s”. 
Determine the relative velocity and relative acceleration of 
car A with respect to car B at this instant. 


SOLUTION 
Va = Vet VA/B 
—90i = —105 sin 30°i + 105 cos30°j + v4/g 


Va/p = {—37.5i — 90.93j} ft/s 


vag = V(—37.5)* + (—90.93)2 = 98.4 ft/s 


90.93 
= —1 pa o 
0 = tan ( 375 ) 67.6° V 


a, = ag +t 44/B 


90)? 
=151 = i = 25 cos 60° — 25 sin 60°j — 44.1 sin 60°i — 44.1 cos 60°j + a4/g 


aag = {10.691 + 16.70} ft/s? 


aajp = V (10.69)? + (16.70)? = 19.8 ft/s? 


16.70 
0 = an ( r) = 57.4? Z 


Ans: 

Vase = 98.4 ft/s 
0, = 67.6° 7 
dajp = 19.8 ft/s” 
0, = 571482 
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12-226. 


A man walks at 5 km/h in the direction of a 20-km/h wind. 
If raindrops fall vertically at 7 km/h in still air, determine 
the direction in which the drops appear to fall with respect 
to the man. 


SOLUTION 


Relative Velocity: The velocity of the rain must be determined first. Applying 
Eq. 12-34 gives 


Y = Vy + Yw = 201+ (-7j) = {201i — 7j} km/h 


r 


Thus, the relatives velocity of the rain with respect to the man is 
Ve = Vin + Vr/m 
201 — 7j = Si + V,m 


Vr/m = {15i ~ 7j} km/h 


The magnitude of the relative velocity v,/,, is given by 


vrm = V15 + (7? = 16.6 km/h 


And its direction is given by 


Ans: 
V,m = 16.6 km/h 
6 = 25.0°%G 
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12-227. 


At the instant shown, cars A and B are traveling at velocities 
of 40 m/s and 30 m/s, respectively. If B is increasing its 
velocity by 2 m/s’, while A maintains a constant velocity, 
determine the velocity and acceleration of B with respect 
to A. The radius of curvature at B is pz = 200 m. 


SOLUTION 
Relative velocity. Express v4 and v, as Cartesian vectors. 
va = {40j} m/s vg = {—30 sin 30% + 30 cos 30°j} m/s = {—-15i + 15V3j} m/s 
Applying the relative velocity equation, 
Vg = VA + VBJA 
-15i + 15V3j = 40j + vaya 
vg;a = {715i — 14.02j } m/s 


Thus, the magnitude of vg/4 is 


vga = V(-15)? + (-14.02)? = 20.53 m/s = 20.5 m/s 


And its direction is defined by angle 0, Fig. a 


14.02 
0 = tan i ) = 43.06° = 43.1° 7 Ans. 


Relative Acceleration. Here, (ap), = 2 m/s” and (ag), = ze = a = 4.50 m/s” 
and their directions are shown in Fig. b. Then, express ag as a Cartesian vector, 
ag = (—2 sin 30° — 4.50 cos 30°)i + (2 cos 30° — 4.50 sin 30°)j 
= {-4.8971i — 0.5179j} m/s? 
Applying the relative acceleration equation with a, = 0, 
ag = a4 t+ agja 
—4.8971i — 0.5179j = 0 + ag;4 
ag;a = {—4.8971i — 0.5179j} m/s? 


Thus, the magnitude of ag, is 


agja = V(—4.8971)? + (0.5179)? = 4.9244 m/s* = 4.92 m/s? 


And its direction is defined by angle 0’, Fig. c, 


0.517 
0’ tan ( 2312) = 6.038° = 6.04° 7 
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A 
BY R 
® va = 40 m/s 
vg = 30 m/s 
30 


Ans: 

vgja = 20.5 m/s 
0, = 431° 7 
agja = 4.92 m/s? 
0, = 6.0£ 7 
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*12-228. 


At the instant shown, cars A and B are traveling at velocities 
of 40 m/s and 30 m/s, respectively. If A is increasing its speed 
at 4 m/s”, whereas the speed of B is decreasing at 3 m/s’, 


A 
determine the velocity and acceleration of B with respect BY 
to A. The radius of curvature at B is py = 200 m. ® v4 = 40 m/s 
vg = 30 m/s i 
30 
SOLUTION 


Relative velocity. Express v4 and vg as Cartesian vector. 
va = {40j} m/s vg = {—30 sin 30°i + 30 cos 30°%§} m/s = {—15i + 15V3j} m/s 
Applying the relative velocity equation, 
Vg = VA +t VBJA 
-15i + 15V3j = 40j + vaya 
vg;a = {—15i — 14.02} m/s 


Thus the magnitude of vg;4 is 


vpja = V(—15)? + (—14.02)? = 20.53 m/s = 20.5 m/s 


And its direction is defined by angle 0, Fig a. 


15 


14.02 
0 = tan( ) = 43.06° = 43.1° 7 Ans. 


vg 30° 
Relative Acceleration. Here (ag), = 3 m/s’ and (ag), = > = 500 * 4.5 m/s? and 


their directions are shown in Fig. b. Then express ap as a Cartesian vector, 
ag = (3 sin 30° — 4.50 cos 30°)i + (—3 cos 30° — 4.50 sin 30°)j 
= {—2.3971i — 4.8481j} m/s? 
Applying the relative acceleration equation with a, = {4j} m/s”, 
ag = aa + ag/A 
—2.3971i — 4.8481j = 4j + agja 
agja = {—2.3971i — 8.8481j} m/s? 


Thus, the magnitude of ag;4 is 


agja = V(—2.3971)2 + (—8.8481)? = 9.167 m/s? = 9.17 m/s” 


And its direction is defined by angle 6’, Fig. c 


8.8481 
= tan'(5 mar) = 74.84 = 74.8° 7 


Ans: 

vgja = 20.5 m/s 
0 = 43.1° 7 
agja = 9.17 m/s 
0' = 14.8 7 


2 
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12-229. 


A passenger in an automobile observes that raindrops make 
an angle of 30° with the horizontal as the auto travels 
forward with a speed of 60 km/h. Compute the terminal 
(constant) velocity v, of the rain if it is assumed to fall 
vertically. 


SOLUTION 
V, = Va + Ur/a 


=v, j = — 601 + V,a cos 30° — V,ja sin 30°F 


(4) 0 = —60 + 2/q cos 30° 


(+1) V, = 0 = V,a sin 30° 
V,Ja = 69.3 km/h 


v, = 34.6 km/h 


Ans: 
v, = 34.6 km/h} 
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12-230. 


A man can swim at 4 ft/s in still water. He wishes to cross 
the 40-ft-wide river to point B, 30 ft downstream. If the river 
flows with a velocity of 2 ft/s, determine the speed of the 
man and the time needed to make the crossing. Note: While 
in the water he must not direct himself toward point B to 
reach this point. Why? 


SOLUTION 
Relative Velocity: 


Um = V, + Um/r 


4 
5 md 2i + 4sin Oi + 4 cos 0j 


. . . x Wr=2ftfs 
Equating the i and j components, we have > 


3 
5 lm = 2 + 4sin@ 


3 =4 0 
5m = 4cos 


Solving Eqs. (1) and (2) yields 
0 = 13.29° 


Um = 4.866 ft/s = 4.87 ft/s 


Thus, the time ¢ required by the boat to travel from points A to B is 


t AB 40? + 30° 10.3 s An 
v; 4.866 i ii 


In order for the man to reached point B, the man has to direct himself at an angle 
0 = 13.3° with y axis. 


Ans: 
Um = 4.87 ft/s 
t = 10.3s 
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12-231. 


The ship travels at a constant speed of v, = 20 m/s and the 
wind is blowing at a speed of v, = 10 m/s, as shown. 
Determine the magnitude and direction of the horizontal 
component of velocity of the smoke coming from the smoke 
stack as it appears to a passenger on the ship. 


SOLUTION 


Solution I 


Vector Analysis: The velocity of the smoke as observed from the ship is equal to the 
velocity of the wind relative to the ship. Here, the velocity of the ship and wind 
expressed in Cartesian vector form are v, = [20 cos 45°i + 20 sin 45° j] m/s 
= [14.141 + 14.14j] m/s and v,, = [10 cos 30°i — 10 sin 30° j]= [8.6601 — 5j] m/s. 
Applying the relative velocity equation, 


Vy = Vs + Vw/s 


8.6601 — 5j = 14.141 + 14.14j + Vw/s 
Vivis = [—5.482i — 19.14j] m/s 


Thus, the magnitude of v,,, is given by 


wy = V(—5.482)? + (-19.14)? = 19.9 m/s 


and the direction angle 6 that v,,,, makes with the x axis is 


19.14 
0= tan-*( oe) = 740° 7 


Solution II 


Scalar Analysis: Applying the law of cosines by referring to the velocity diagram 
shown in Fig. a, 


Vwjs = V20? + 10? — 2(20)(10) cos 75° 
19.91 m/s = 19.9 m/s 


Using the result of v,,, and applying the law of sines, 


sing — sin 75° 


= 29.02° 
10 19.91 $ 


0 = 45° + 6=74.0° 7 
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Ans: 
Vwjs = 19.9 m/s 
0 = 74.0° 7 
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*12-232. 


The football player at A throws the ball in the y—z plane at a 
speed v4 =50 ft/s and an angle 0 , = 60° with the horizontal. 
At the instant the ball is thrown, the player is at B and is 
running with constant speed along the line BC in order to 
catch it. Determine this speed, vp, so that he makes the 
catch at the same elevation from which the ball 
was thrown. 


SOLUTION 


(4) S = So + vot 


dac = 0 + (50 cos 60°) t 

(+f)v = vw + act 

—50 sin 60° = 50 sin 60° — 32.2 t 

t = 2.690s 

dac = 67.24 ft 

dgc = V(30)* + (67.24 — 20)? = 55.96 ft 


55.96 
Vg = 7.690 = 20.8 ft/s 
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Ans: 
Vg = 20.8 ft/s 
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12-233. 


The football player at A throws the ball in the 
y-z plane with a speed v , = 50 ft/s and an angle 6 , = 60° with 
the horizontal. At the instant the ball is thrown, the player is 
at B and is running at a constant speed of vp = 23 ft/s along 
the line BC. Determine if he can reach point C, which has the 
same elevation as A, before the ball gets there. 


SOLUTION 


) S = So + Ut 


dac = 0 + (50 cos 60°) t 


(+t) v = v + at 

—50 sin 60° = 50 sin 60° — 32.2 t 

t = 2.690s 

dac = 67.24 ft 

dge = V (30)? + (67.24 — 20) = 55.96 ft 


dgc _ 55.96 
t (2.690) 


vg = = 20.8 ft/s 
Since vg = 20.8 ft/s < (Ug)max = 23 ft/s 


Yes, he can catch the ball. 


Ans: 
Yes, he can catch the ball. 
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12-234. 


At a given instant the football player at A throws a football C 
with a velocity of 20 m/s in the direction shown. Determine 
the constant speed at which the player at B must run so that 
he can catch the football at the same elevation at which it was 
thrown. Also calculate the relative velocity and relative 
acceleration of the football with respect to B at the instant the 
catch is made. Player B is 15 m away from A when A starts to 
throw the football. 


SOLUTION 
Ball: 


(4 )s = So + Ut 
Sc = 0 + 20 cos 60° t 
(+1) V =U + act 
—20 sin 60° = 20 sin 60° — 9.81 t 
t = 3.538 
sc = 35.31 m 
Player B: 
(5 ) SB = 
Require, 
35.31 = 15 + vp(3.53) 
vg = 5.75 m/s 
At the time of the catch 
(vc), = 20 cos 60° = 10 m/s > 
(vc), = 20 sin 60° = 17.32 m/s | 


Uc = Yg t+ VC/B 


10i 17.32j = 5.751i t (vcja)xi + (cys) yj 


(5) 10 = 5.75 + (wcs) 


(+1)  -17.32 = (vc/s)y 
(Uc/p)x = 4.25 m/s > 
(vc/p)y = 17.32 m/s | 


Ucyp = V (4.25)? + (17.32)° = 17.8 m/s 


17.32 
= tan! = 76.2° 
a= tan ( 4.25 ) > 


ac = apg F ac/B 

Ans: 

vg = 5.75 m/s 

acg = 9.81 m/s?} . a - S 
acjg = 9.81 m/°?} 


—9.81j =0+ ac/B 
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12-235. 


At the instant shown, car A travels along the straight 
portion of the road with a speed of 25 m/s. At this same 
instant car B travels along the circular portion of the road 
with a speed of 15 m/s. Determine the velocity of car B 
relative to car A. 


SOLUTION 


Velocity: Referring to Fig. a, the velocity of cars A and B expressed in Cartesian 
vector form are 


va = [25 cos 30° i — 25 sin 30° j] m/s = [21.65i — 12.5j] m/s 
vg = [15 cos 15°i — 15 sin 15° j] m/s = [14.491 — 3.882j] m/s 


Applying the relative velocity equation, 
Vg = Vat VBA 


14.491 — 3.882j = 21.651 — 12.5j + vgy4 ma @.), 7ta mjs 


kal 


Ysja = [-7-162i + 8.618j] m/s 


Thus, the magnitude of vz,, is given by 


vga = V(=7.162} + 8.618? = 11.2 m/s Ans. bo Ve>/Smls 
Oa) 2b" 


The direction angle 6, of vg, measured down from the negative x axis, Fig. b is 


7.162 


8.618 
0, = tan ) 50.3° y Ans. { 


Val 
8-618 mjs 


oy 
7 loans 
(6) 


——— 


Ans: 
vgja = 11.2 m/s 
0 = 50.3° 
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13-1. 


The 6-lb particle is subjected to the action of 
its weight and forces F, = {2i + 6j — 2tk} lb, F, = 
{ťi — 4tj — 1k} lb, and F; = {—2ri} lb, where ¢ is in 
seconds. Determine the distance the ball is from the origin 
2 s after being released from rest. 


SOLUTION 


ag tes “eile : ; 6 5 
SF = ma; (2i + 6j — 2tk) + (ři — 4tj — 1k) — 201 — 6k = ( 5e Fä 


Equating components: 


6 6 
2 4+6 = -2-7 
5) (5) ' 


6 3 
v, = t 
gn) 3 
6 _f È, 2 6 = 
322)" 122° 3" 32.2 )°» 


Whent = 2s then, s, = 14.31 ft, Sy = 35.78 ft s, = —89.44 ft 


Z 


Thus, 


s = V (14.31)? + (35.78) + (—89.44} = 97.4 ft 


Ans: 
s = 97.4 ft 
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13-2. 


The two boxcars A and B have a weight of 20 000 Ib and 
30 000 lb, respectively. If they are freely coasting down 
the incline when the brakes are applied to all the wheels 
of car A, determine the force in the coupling C between 
the two cars. The coefficient of kinetic friction between 
the wheels of A and the tracks is yp, = 0.5. The wheels of 
car B are free to roll. Neglect their mass in the calculation. 
Suggestion: Solve the problem by representing single 
resultant normal forces acting on A and B, respectively. 


SOLUTION 
Car A: 
+AA = 0; N, — 20000 cos 5° = 0 N4 = 19 923.89 Ib 


ga 39,0701, 
\ 
20 000 Aas 
329 Ja Ras! N 


-ZZF, = ma;  0.5(19 923.89) — T — 20000 sin 5° = (ae 


2 ay Ib 
Both cars: 
50 000 


+73F.= ma; 0.5(19 923.89) — 50 000 sin 5° = (Se a 
ZB 5 (19923) 


Solving, 
a = 3.61 ft/s? 


T = 5.98 kip 
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13-3. 


If the coefficient of kinetic friction between the 50-kg crate 
and the ground is mą = 0.3, determine the distance the 
crate travels and its velocity when t = 3s. The crate starts 
from rest,and P = 200N. 


SOLUTION 


Free-Body Diagram: The kinetic friction Ff = uN is directed to the left to oppose 
the motion of the crate which is to the right, Fig. a. 


Equations of Motion: Here, a, = 0. Thus, 
+ÎEF, = 0; N — 50(9.81) + 200 sin 30° = 0 
N = 390.5 N 
+ EF, = ma,; 200cos30° — 0.3(390.5) = 50a 
a = 1.121 m/s” 
Kinematics: Since the acceleration a of the crate is constant, 
( +) V = Vo + aet 


v = 0 + 1.121(3) = 3.36 m/s 


1 2 
S = so E Vog + zad 


1 
s = 0 + 0 + 5(1.121)(3?) = 5.04m 


Ans: 
v = 3.36 m/s 
s = 5.04m 
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*13-4. 


If the 50-kg crate starts from rest and achieves a velocity of 
v = 4m/s when it travels a distance of 5 m to the right, 
determine the magnitude of force P acting on the crate. 
The coefficient of kinetic friction between the crate and the 
ground is ug = 0.3. 


SOLUTION 


Kinematics: The acceleration a of the crate will be determined first since its motion 
is known. 


(=) V? = vo? + 2a,(8 — so) 
509.81) N 
4 = 0? + 2a(5 — 0) 
a = 1.60 m/s’ > 


Free-Body Diagram: Here, the kinetic friction Fy = uN = 0.3N is required to be 
directed to the left to oppose the motion of the crate which is to the right, Fig. a. 


Equations of Motion: 


+ÎEF, = may; 


g N + Psin30° — 50(9.81) = 50(0) 


N = 490.5 — 0.5P 


Using the results of N and a, 


5 5F,= ma, — Pcos30° — 0.3(490.5 — 0.5P) = 50(1.60) 


P=224N 
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13-5. 


If blocks A and B of mass 10 kg and 6 kg, respectively, are 
placed on the inclined plane and released, determine the 
force developed in the link. The coefficients of kinetic 
friction between the blocks and the inclined plane are 
a = 0.1 and ug = 0.3. Neglect the mass of the link. 


SOLUTION 


Free-Body Diagram: Here, the kinetic friction (F;)a = waN, = 0.1N4 and 
(Ff)s = he Nz = 0.3N;z are required to act up the plane to oppose the motion of 
the blocks which are down the plane. Since the blocks are connected, they have a 
common acceleration a. 


Equations of Motion: By referring to Figs. (a) and (b), 

+/7ZFy = may ; N 4 — 10(9.81) cos 30° = 10(0) 
N 4 = 84.96 N 

N+3Fy = may: 10(9.81) sin 30° — 0.1(84.96) — F = 10a 
40.55 — F = 10a 

and 

+72Fy = may; Nz — 6(9.81) cos 30° = 6(0) 
Nz = 50.97 N 

N+ ZF y = may; F + 6(9.81) sin 30° — 0.3(50.97) = 6a 


F + 14.14 = 6a 


Solving Eqs. (1) and (2) yields 


a = 3.42 m/s? 


F=637N 
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13-6. 


The 10-lb block has a speed of 4 ft/s when the force of 
F = (8f) lb is applied. Determine the velocity of the block 
when t = 2s.The coefficient of kinetic friction at the surface 
is Hk 7 0.2. 


SOLUTION 


Equations of Motion. Here the friction is F = wN = 0.2N. Referring to the FBD 
of the block shown in Fig. a, 
10 


+135, map N-10=7,5(0) N=10lb 


10 — Ape 
4 5F, = ma, 8P — 0.2(10) = eres Fe Bt 


a = 3.22(8t? — 2) ft/s? 


Kinematics. The velocity of the block as a function of t can be determined by 
integrating dv = a dt using the initial condition v = 4 ft/s at t = 0. 


v t 
i dv f 3.22 (8t? — 2)dt 
4 ft/s 0 
8 3 
v— 4 = 3.22( 50° -2 


= {8.58678 — 6.44t + 4} ft/s 


When t = 2s, 
v = 8.5867(2°) — 6.44(2) + 4 
= 59.81 ft/s 
= 59.8 ft/s 
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13-7. 


The 10-lb block has a speed of 4 ft/s when the force of 

F = (8) lb is applied. Determine the velocity of the block 

when it moves s = 30 ft. The coefficient of kinetic friction at F = (81°) Ib 
the surface is u, = 0.2. 


SOLUTION 


Equations of Motion. Here the friction is Fy = wN = 0.2N. Referring to the FBD 
of the block shown in Fig. a, 


10 
+T3F, = may; N-10= 9 N = 101b 


10 
322° 


a = 3.22(81? — 2) ft/s? 


Kinematics. The velocity of the block as a function of t can be determined by 
integrating dv = adt using the initial condition v = 4 ft/s at t = 0. 


v t 
f dv = I 3.22(8ť — 2)dt 
4 ft/s 0 
v- 4 = 3.22 (3 P 2r) 


v = {8.5867 — 6.44t + 4} ft/s 


The displacement as a function of t can be determined by integrating ds = vdt using 
the initial condition s = 0 at t = 0 


s t 
f ds = f (8.5867£ — 6.44t + 4)dt 
0 0 


s = {2.1467t* — 3.2217 + 4t} ft 


Ł5F, = ma; 8f — 0.2(10) = 


Ats = 30ft, 
30 = 2.1467t* — 3.221” + 4t 
Solved by numerically, 
t = 2.0089 s 
Thus, at s = 30 ft, 
v = 8.5867(2.0089°) — 6.44(2.0089) + 4 
= 60.67 ft/s 
= 60.7 ft/s 


Ans: 
v = 60.7 ft/s 
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*13-8. 


The speed of the 3500-lb sports car is plotted over the 30-s 
time period. Plot the variation of the traction force F needed 
to cause the motion. 


v (ft/s) 


SOLUTION 


60 d 
Kinematics: For 0=t < 10s. v= Tot = {6t} ft/s. Applying equation a = r 
we have f 
_ dv 


— = 6 ft/s? 
a hi /s 


v-60 80-60 
t-10 30-10 


For 10 < ¢t < 30s, v = {t + 50} ft/s. Applying equation 


dv 
a = —, we have 
dt 


Equation of Motion: 


For0 <t < 10s 


3500 
Æ = . E peci = 
SF, = ma,; F & Jo 652 Ib 


For 10 < t = 30s 


3500 
Æ = . Sees = 
XF, = ma; F ( T Jo 109 Ib 


Ans: 
& LF, = ma, F = 652 1b 


& LF, = ma; F = 109 lb 


252 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


13-9. 


The conveyor belt is moving at 4 m/s. If the 
coefficient of static friction between the conveyor and 
the 10-kg package B is u, = 0.2, determine the shortest time 


\ 


the belt can stop so that the package does not slide on the belt. AALALA 


SOLUTION 
498.1 


SF = ma; 0.2(98.1) = 10a ° 
E FOAN) 


z 2 
a = 1.962 m/s er 


(4)v = Ug + act 
4=0 + 1.962 ¢ 


t = 2.04s 


253 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


13-10. 


The conveyor belt is designed to transport packages of 
various weights. Each 10-kg package has a coefficient of 
kinetic friction ug = 0.15. If the speed of the conveyor is 
5 m/s, and then it suddenly stops, determine the distance 


the package will slide on the belt before coming to rest. CHG)G)G)GE) 


SOLUTION 
ADF = ma; 0.15 m(9.81) = ma 8.1 
a = 14715 m/s? h Po ae 


= vp + 2a,(s — so) sla 
= (5) + 2(-1.4715)(s — 0) 


s = 849m 
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13-11. 


Determine the time needed to pull the cord at B down 4 ft 
starting from rest when a force of 10 lb is applied to the 
cord. Block A weighs 20 Ib. Neglect the mass of the pulleys 
and cords. 


SOLUTION 


20 
32,2 74 


aa = 32.2 ft/s? 


+72 = ma; 40-20= 


Sp + 2sc = Í; ag = —2aç 
254 — sc =l’; 2a, = Ac 
4g = —4a, 


ag = 128.8 ft/s? 


(+1) s = 5 


i 
4=0+0+ z (128.8) 


t = 0.249 s 


Ans: 
t = 0.249 s 
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*13-12. 


Cylinder B has a mass m and is hoisted using the cord and 
pulley system shown. Determine the magnitude of force F 
as a function of the block’s vertical position y so that when 
F is applied the block rises with a constant acceleration ap. 
Neglect the mass of the cord and pulleys. 


SOLUTION 


+73F,= ma;  2Fcos€- mg = mag where cos @ = 


2r( “ ) mg = mag 


7 m(ag + g)V4y2 + g 
4y 


Ans: 
m(ag + g) V4y? + d? 
4y 


256 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


13-13. 
Block A has a weight of 8 lb and block B has a weight of 6 lb. A B 


They rest on a surface for which the coefficient of kinetic ee 
friction is ug = 0.2. If the spring has a stiffness of k = 20 lb/ft, X N N N N N N N 
and it is compressed 0.2 ft, determine the acceleration of each 


block just after they are released. 


SOLUTION 
Block A: 


8 
£ IF, = may; 4-16= z232 “A 


a, = 9.66 ft/s? <— 
Block B: 


6 
+ F, = ma; 4- 12 = 7548 


ag = 15.0 ft/s? > 


9.66 ft/s? <— 
= 15.0 ft/s? > 
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13-14. 


The 2-Mg truck is traveling at 15 m/s when the brakes on all its 
wheels are applied, causing it to skid for a distance of 10 m 
before coming to rest. Determine the constant horizontal force 
developed in the coupling C, and the frictional force 
developed between the tires of the truck and the road during 
this time. The total mass of the boat and trailer is 1 Mg. 


SOLUTION 
Kinematics: Since the motion of the truck and trailer is known, their common 


acceleration a will be determined first. a=//.25 mjs + 
— 
(+) Ps Oe Og ek 1000(9-8)) N | x 


0 = 15° + 2a(10 — 0) 
a = —11.25 m/s? = 11.25 m/s?’ <— 


Free-Body Diagram:The free-body diagram of the truck and trailer are shown in 
Figs. (a) and (b), respectively. Here, F representes the frictional force developed 
when the truck skids, while the force developed in coupling C is represented by T. 


Equations of Motion:Using the result of a and referrning to Fig. (a), 


5 5F, = ma,; -T = 1000(—11.25) Q=/25 m/s 


Z000(F-81) N 


T = 11250 N = 11.25 kN == 


Using the results of a and T and referring to Fig. (b), 
+TSF, = ma,; 11250 — F = 2000(—11.25) 


F = 33 750 N = 33.75 kN 


Ans: 
T = 11.25 kN 
F = 33.75 kN 
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13-15. 


The motor lifts the 50-kg crate with an acceleration of 
6 m/s’. Determine the components of force reaction and 
the couple moment at the fixed support A. 


SOLUTION 


Equation of Motion. Referring to the FBD of the crate shown in Fig. a, 
+7 F, = may; T — 50(9.81) = 50(6) T = 790.5 N 


Equations of Equilibrium. Since the pulley is smooth, the tension is constant 
throughout entire cable. Referring to the FBD of the pulley shown in Fig. b, 


5 $F, = 0; 790.5 cos 30° — B, = 0 B, = 684.59 N 

+T3F, = 0; B, — 790.5 — 790.5 sin 30° = 0 By, = 1185.75 N 

Consider the FBD of the cantilever beam shown in Fig. c, 

+2F=0; 68459-A,=0 A, = 684.59N = 685N Ans. 
+Î5F, =0; <A,— 1185.75 =0 A, = 1185.75 N = 1.19kN Ans. 
G+ 3M, = 0; My — 1185.75(4) = 0 M, = 4143 N- m = 4.74kN:m Ans. 


By 18576 N 


Ans: 

A, = 685N 

A, = 1.19 kN 
My, = 4.74kN:m 
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*13-16. 


The 75-kg man pushes on the 150-kg crate with a horizontal 
force F. If the coefficients of static and kinetic friction 
between the crate and the surface are u, = 0.3 and 
uk = 0.2, and the coefficient of static friction between the 
man’s shoes and the surface is u, = 0.8, show that the man 
is able to move the crate. What is the greatest acceleration 
the man can give the crate? 


SOLUTION 


Equation of Equilibrium. Assuming that the crate is on the verge of sliding 
(Fc = us Nc = 0.3Nc. Referring to the FBD of the crate shown in Fig. a, 


+T3F, = 0; Nc — 150(9.81) = 0 Nc = 1471.5 N 

ALF = 0; 0.3(1471.5) — F=0 F = 441.45 N 

Referring to the FBD of the man, Fig. b, 

+TXF, = 0; Nm — 75(9.81) = 0 Ng = 735.75 N 

ALF, = 0; 441.45 — (Fy), = 0 (Fim = 441.45 N 

Since (Fy), < M'sNm = 0.8(735.75) = 588.6 N, the man is able to move the crate. 


Equation of Motion. The greatest acceleration of the crate can be produced when 
the man is on the verge of slipping. Thus, (Fy), = w'sNm = 0.8(735.75) = 588.6 N. 


+ $F, = 0; F — 588.6 = 0 F = 588.6N 
Since the crate slides, (F)c = uNe = 0.2(1471.5) = 294.3 N. Thus, 


£ iF = may; 588.6 — 294.3 = 150 a 
a = 1.962 m/s” = 1.96 m/s” 


150(4 8!) N JIBIN 
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13-17. 


Determine the acceleration of the blocks when the system is 
released. The coefficient of kinetic friction is ug, and the 
mass of each block is m. Neglect the mass of the pulleys 
and cord. 


SOLUTION 


Free Body Diagram. Since the pulley is smooth, the tension is constant throughout 
the entire cord. Since block B is required to slide, F = uN. Also, blocks A and B 
are attached together with inextensible cord, so a4 = ag = a. The FBDs of blocks 
A and B are shown in Figs. a and b, respectively. 


Equations of Motion. For block A, Fig. a, 

+f SF, = may; T — mg = m(-a) 

For block B, Fig. b, 

+} SF, = may; N — mg = m(0) N = mg 


(4)3F = ma; T- pemg = ma 
Solving Eqs. (1) and (2) 


1 
= —-(1 — 
a zí Uk) g 


1 
T= 301 + m) mg 
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1 
=A = 
a=3( Uk) g 
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13-18. 


A 40-lb suitcase slides from rest 20 ft down the smooth 
ramp. Determine the point where it strikes the ground at C. 
How long does it take to go from A to C? 


SOLUTION 


. 40 
+ = a o = — 
NDF = may; 40 sin 30 309% 


a = 16.1 ft/s? 


(4N)v’ =m4 2as — so); 


vm = 0 + 2(16.1)(20) 
Up = 25.38 ft/s 

(4N) v = w + act; 
25.38 = 0 + 16.1 t4, 
tag = 1.5768 

(Es = (so + (wot 


R = 0 + 25.38 cos 30°(tgc) 


(4 tsy = (sy)o + (vy)ot 4 sad 


1 
4 = 0 + 25.38 sin 30° tgc + 362.2) tac)” 


tac = 0.2413 s 
R = 5.30 ft 


Total time = t4g + tgc = 1.82s 


Ans: 
R = 5.30 ft 
tac = 1.82s 
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13-19. 


Solve Prob. 13-18 if the suitcase has an initial velocity down 
the ramp of v4 = 10ft/s and the coefficient of kinetic 
friction along AB is pw, = 0.2. 


SOLUTION 
40 


+ = r H o $ = gO 
N3F, = ma;  40sin30° — 6.928 = 5554 


a = 10.52 ft/s? 


GN) 02 = 08 + 2agls — so); 
vh = (10)? + 2(10.52)(20) 
Up = 22.82 ft/s 

(AN) v = v + at; 

22.82 = 10 + 10.52t4p 

tag = 1.219s 

(4) sx = (so + (oot 

R = 0 + 22.82 cos 30° (tac) 


G 1) sy = (sy)o + (ot 


1 
4 = 0 + 22.82 sin 30° tac + 732.2) (tae) 


tac = 0.2572 s 


R = 5.08 ft 


Total time = t4g + tgc = 1.48 s 
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02N = 6.4984 


N = 34 yh 


Ans: 
R = 5.08 ft 
tac = 1.48s 
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*13-20. 


The conveyor belt delivers each 12-kg crate to the ramp at v4 = 2.5 m/s 
A such that the crate’s speed is v4 = 2.5m/s, directed 
down along the ramp. If the coefficient of kinetic friction 
between each crate and the ramp is px, = 0.3, determine the 
speed at which each crate slides off the ramp at B. Assume 
that no tipping occurs. Take 0 = 30°. 


SOLUTION 
7+ 3F, = may; Nc — 12(9.81) cos 30° = 0 


Nc = 101.95 N RUHIN 


AXA = 12(9.81) sin 30° — 0.3(101.95) = 12 ac 


ac = 2.356 m/s” N gle 


(AN) va + 2 ac(sp — sa) 
= (2.5)? + 2(2.356)(3 — 0) 


Ug = 4.5152 = 4.52 m/s 
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13-21. 


The conveyor belt delivers each 12-kg crate to the ramp at v4 = 2.5 m/s 
A such that the crate’s speed is v4 = 2.5 m/s, directed down Kg 
along the ramp. If the coefficient of kinetic friction between PX] 
each crate and the ramp is ug = 0.3, determine the smallest 
incline 0 of the ramp so that the crates will slide off and fall 
into the cart. 


SOLUTION 
GN) oh = v4 + 2ac(sp — sa) laca 20N 
0 = (2.5)? + 2(ac)(3 — 0) 30° 


ac = 1.0417 


Z+3F, = may; Nc — 1209.81) cos 6 = 0 N, 9366, 
Nc = 117.72 cos 0 

NSE. = ma;  12(9.81) sin 6 — 0.3(Nc) = 12 (1.0417) 
117.72 sin 0 — 35.316 cos 0 — 12.55 = 0 


Solving, 


0 = 22.6° 
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13-22. 


The 50-kg block A is released from rest. Determine the 
velocity of the 15-kg block B in 2 s. 


SOLUTION 


Kinematics. As shown in Fig. a, the position of block B and point A are specified by 
Sg and s4 respectively. Here the pulley system has only one cable which gives 


Sa + Spt 2(sg-—a)=l1 

54 + 35g =1+ 2a (1) 
Taking the time derivative of Eq. (1) twice, 

a, + 3az = 0 (2) 


Equations of Motion. The FBD of blocks B and A are shown in Fig. b and c. To be 
consistent to those in Eq. (2), a, and ap are assumed to be directed towards the 
positive sense of their respective position coordinates s4 and sp. For block B, 


+P 3F,= ma, 3T — 15(9.81) = 15(—ag) (3) 
For block A, 
+T3F, = ma; T — 50(9.81) = 50(—a,) (4) 


Solving Eqs. (2), (3) and (4), 
ag = —2.848 m/s’ = 2.848 m/s? } = a4 = 8.554m/s? T = 63.29N 


The negative sign indicates that a, acts in the sense opposite to that shown in FBD. 
The velocity of block B can be determined using 


+f vg = (Valo + agt, vg = 0 + 2.848(2) 
vg = 5.696 m/s = 5.70 m/s Î 


ICB 
Cb) 


266 


Sh 


50G-B0)N 
(j 


Ans: 
vp = 5.70 m/s Î 
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13-23. 


If the supplied force F = 150 N, determine the velocity of 
the 50-kg block A when it has risen 3 m, starting from rest. 


SOLUTION 


Equations of Motion. Since the pulleys are smooth, the tension is constant 
throughout each entire cable. Referring to the FBD of pulley C, Fig. a, of which its 
mass is negligible. 


+73F,=0; 150+150-T=0 T=300N 
Subsequently, considered the FBD of block A shown in Fig. b, 
+T3E, = ma; 300 + 300 — 50(9.81) = 50a 

a = 2.19 m/s’ T 


Kinematics. Using the result of a, 


(+1) v = v3 + 2a,s; 
v? = 0 + 2(2.19)(3) 
v = 3.6249 m/s = 3.62 m/s 


ISON I50N 


5009.81) N 
(b) 


Ans: 
v = 3.62 m/s} 
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*13-24. 


A 60-kg suitcase slides from rest 5 m down the smooth ramp. 
Determine the distance R where it strikes the ground at B. 
How long does it take to go from A to B? 


SOLUTION 


Equation of Motion. Referring to the FBD of the suitcase shown in Fig. a 
WSF. = may;  60(9.81) sin 30° = 60a a = 4.905 m/s? o 
Kinematics. From A to C, the suitcase moves along the inclined plane (straight line). 
(+24) v0 = v + 2a.s; v? = 0? + 2(4.905)(5) 


v = 7.0036 m/s 


1 1 
Y)s = 5 5 at; 5=0+0+ z (4:05) tac 


tac = 1.4278 s 


From C to B, the suitcase undergoes projectile motion. Referring to x-y coordinate 
system with origin at C, Fig. b, the vertical motion gives 


(+1) Sy = (oy + vyt + Sats 


1 
2.5 = 0 + 7.0036 sin 30° tcg + z (981)tce 


4.905 tg + 3.5018 tcg — 2.5 = 0 
Solve for positive root, 

tcg = 0.4412 s 
Then, the horizontal motion gives 


(+) Sy = (So)x Tr Vrt; 
R = 0 + 7.0036 cos 30° (0.4412) 


= 2.676 m = 2.68 m 
The time taken from A to B is 
tap = tact tcg = 1.4278 + 0.4412 = 1.869 s = 1.87 s 


60(9-81)n 
a eo 
ae X 


Y= 70036 mjs 
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Ans: 
(&) s = 2.68m 
tAB = 1.87s 
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13-25. 


Solve Prob. 13-24 if the suitcase has an initial velocity down 
the ramp of v4 = 2m/s, and the coefficient of kinetic 
friction along AC is uz = 0.2. 


SOLUTION 


Equations of Motion. The friction is F = uN = 0.2N. Referring to the FBD 
of the suitcase shown in Fig. a 


NSB = may; N — 60(9.81) cos 30° = 60(0) 
N = 509.74N 
+4 BF = may; 60(9.81) sin 30° — 0.2(509.74) = 60 a 
a = 3.2059 m/s* / 
Kinematics. From A to C, the suitcase moves along the inclined plane (straight line). 
GY) V =v + 2as; vw = 2 + 2(3.2059)(5) 
v = 6.0049 m/s “ 


1 
2 5 = 04 2tyct z 3.2059)tac 


1.6029 t4¢ + 2tac -5 =0 


Solve for positive root, 
tac = 1.2492 s 


From C to B, the suitcase undergoes projectile motion. Referring to x-y coordinate 
system with origin at C, Fig. b, the vertical motion gives 


(+1) Sy = (So)y + vyt 4 : 


1 
2.5 = 0 + 6.0049 sin 30° tcg + 708D 


4.905 t&g + 3.0024 tcg — 2.5 = 0 


Solve for positive root, 
tcp = 0.4707 s 


Then, the horizontal motion gives 
(£) sy = (So) x T Vt; 
R = 0 + 6.0049 cos 30° (0.4707) 


= 2.448 m = 2.45 m 
The time taken from A to B is 
tap = tac + tcg = 1.2492 + 0.4707 = 1.7199 s = 1.72s 
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609 BIN 
30" 


Ans: 
R = 2.45m 
tap =1.72s 
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13-26. 


The 1.5 Mg sports car has a tractive force of F = 4.5 kN. If 
it produces the velocity described by v-t graph shown, plot 
the air resistance R versus ¢ for this time period. 


v (m/s) 
a v = (-0.05¢? + 3t) m/s 


1 


45 


SOLUTION 


Kinematic. For the v-t graph, the acceleration of the car as a function of t is 


d 
a= = = {-0.1t + 3}m/s? 


Equation of Motion. Referring to the FBD of the car shown in Fig. a, 
(4+) =F, = may; 4500 — R = 1500(—0.1t + 3) 
R= {150¢}N 


The plot of R vs t is shown in Fig. b 


a 
——— (500G-81)N 
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13-27. 


The conveyor belt is moving downward at 4 m/s. If the 
coefficient of static friction between the conveyor and the 
15-kg package B is u, = 0.8, determine the shortest time 
the belt can stop so that the package does not slide on 
the belt. 


SOLUTION 


Equations of Motion. It is required that the package is on the verge to slide. Thus, 
Fy = uN = 0.8N. Referring to the FBD of the package shown in Fig. a, 


+\ DE, = may; N — 15(9.81) cos 30° = 15(0) N = 127.44N 


-Z SF. = may;  0.8(127.44) — 15(9.81) sin 30° = 15 a 


a = 1.8916 m/s” 7 


Kinematic. Since the package is required to stop, v = 0. Here vo = 4 m/s. 
GY) v= Vv + aot; 

0 = 4 + (—1.8916) t 

t = 2.1146s = 2.11s 
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*13-28. 


At the instant shown the 100-Ib block A is moving down the 
plane at 5 ft/s while being attached to the 50-Ib block B. If 
the coefficient of kinetic friction between the block and the 
incline is ug = 0.2, determine the acceleration of A and 
the distance A slides before it stops. Neglect the mass of the 
pulleys and cables. 


SOLUTION 
Block A: 


3 100 
tY ZF, = : T 0.2. + 100 = 
LF, = ma,; A Na (2) Gaz 


4 
FN LF, = may; Ni - 100( 2) = 0 


Thus, 
Ta — 44 = —3.1056a,4 
Block B: 


Tg — 50 = 1.553ag 
Pulleys at C and D: 


+13R,=0; 2% -2T =0 
T, = Tz 


Kinematics: 

t c= l 

(sp — 58) = 
Sctdt+sp=d' 


Thus, 


a, = —2ac 

2ap = ap 

dc = -ap 

so that a4 = ag 

Solving Eqs. (1)-(4): 

aa = ag = —1.288 ft/s 

T, = Tz = 48.0 lb 

Thus, 

a4 = 1.29 ft/s? 

GY) v? = vp + 2a.(s — so) 
0 = (5)? + 2(-1.288)(s — 0) 


s = 9.70 ft 
Ans: 
aa = 1.29 ft/s” 
s = 9.70 ft 
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13-29. 


The force exerted by the motor on the cable is shown in the 
graph. Determine the velocity of the 200-lb crate when 
t= 25s. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the crate is shown in Fig. a. 


Equilibrium: For the crate to move, force F must overcome the weight of the crate. 
Thus, the time required to move the crate is given by 


+TXF, = 0; 100¢ — 200 = 0 t=2s 
: : 250 ; : 
Equation of Motion: For 2s < t < 2.5 s,F = 35° = (100r) lb. By referring to Fig. a, 


200 
y~ 100 - 200 = 2a 


a = (16.1t — 32.2) ft/s? 


+TEF, = ma 


Kinematics: The velocity of the crate can be obtained by integrating the kinematic 
equation, dv = adt. For 2s = t < 2.5s, v = 0 at t = 2s will be used as the lower 
integration limit. Thus, 


(+1) fo- foa 


v t 
fa = fasa — 32.2)dt 
0 2s 
t 


v = (8.05? — 32.2t) 
2s 


= (8.05 — 32.2t + 32.2)ft/s 


When t = 2.5 s, 


v = 8,05(2.52) — 32.2(2.5) + 32.2 = 2.01 ft/s 
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Ans: 
v = 2.01 ft/s 
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13-30. 


The force of the motor M on the cable is shown in the graph. 
Determine the velocity of the 400-kg crate A when t = 2s. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the crate is shown in Fig. a. 


Equilibrium: For the crate to move, force 2F must overcome its weight. Thus, the 
time required to move the crate is given by 


+TIF, = 0; 2(62517) — 400(9.81) = 0 


t=1.772s 


Equations of Motion: F = (62577) N. By referring to Fig. a, 


+T3F, = ma 2(6257) — 400(9.81) = 400a 


y? 
a = (3.1250? — 9.81) m/s? 
Kinematics: The velocity of the crate can be obtained by integrating the kinematic 


equation, dv = adt. For 1.772s = t < 2s, v = 0 at t = 1.772 s will be used as the 
lower integration limit. Thus, 


(+1) [a= foai 


v t 
| dy = f (3.1250? — 9.81 )dt 
0 1.772 s 


t 


v = (1.04170 — 9.811) 
1.772 s 


= (1.041775 — 9.81 + 11.587) m/s 


When t = 2s, 


v = 1.0417(23) — 9.81(2) + 11.587 = 0.301 m/s 


Ans: 
v = 0.301 m/s 
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13-31. 


The tractor is used to lift the 150-kg load B with the 24-m- 
long rope, boom, and pulley system. If the tractor travels to 
the right at a constant speed of 4 m/s, determine the tension 
in the rope when s4 = 5m. When s4 = 0, sg = 0. 


SOLUTION 
Vs% + (12)? = 24 


H 144)-*( sia) =0 


F 144) (seta) + (sà ṣ (32) + (s4 + 144)? (sain) =0 


545% AA F SASA 


(5% +144} (4 +144} 


(5)°(4)° (4)? + 0 
(5)? + 1442 (5) + 144)? 


= 1.0487 m/s” 


+TXF,=ma,; T — 150(9.81) = 150(1.0487) 


T = 1.63 kN 


150(9.81)N 


Ans: 
T = 1.63 kN 
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*13-32. 


The tractor is used to lift the 150-kg load B with the 24-m- 
long rope, boom, and pulley system. If the tractor travels to 
the right with an acceleration of 3 m/s” and has a velocity of 
4 m/s at the instant s4 = 5 m, determine the tension in the 
rope at this instant. When s4 = 0, sg = 0. 


SOLUTION 
12 = sp + Vs% + (12) = 24 


1 ; 
sipta (s4 + 144) (2434) =0 


-5p — (s4 + 144)? (saa) + (s4 +144) (i2) + (s+ 144)-4( sain) =0 


5% 5%, s+ s454 


(s +144} (54 + 144): 


(OKON 4 + (5)(3) 
(5)? + 144)? (5)? + 144} 


= 2.2025 m/s” 


+Î5F, = ma,; T — 150(9.81) = 150(2.2025) 


T = 1.80 kN 


150(9.81)N 


Ans: 
T = 1.80 kN 
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13-33. 


Block A and B each have a mass m. Determine the largest 
horizontal force P which can be applied to B so that it will 
not slide on A. Also, what is the corresponding acceleration? 
The coefficient of static friction between A and B is py. 
Neglect any friction between A and the horizontal surface. 


SOLUTION 


Equations of Motion. Since block B is required to be on the verge to slide on A, 
Fy = uNg. Referring to the FBD of block B shown in Fig. a, 


+T3F, = ma, Ngcos 6 — p.Nzg sin @ — mg = m(0) 


mg 
Ng T T T A 
cos 0 — p, sin 0 


£ LK = ma; P — Ngsin 0 — p,Ngcos 0 = ma 
P — Ng(sin 0 + u, cos 0) = ma 
Substitute Eq. (1) into (2), 


(= 0 + mcos 0 


- ) mg = ma 
cos 0 — p,sin 0 

Referring to the FBD of blocks A and B shown in Fig. b 

£ LF = ma; P = 2 ma 


Solving Eqs. (2) into (3), 


sin 0 + u cos =) 
cos 0 — usin 0 


P = 2ms( 


(= 6 + pcos s) 
a= 5 
cos 0 — usin 0 


Ans: 
sin 8 + u, cos 0 
P = 2mg z 
cos 0 — usin 0 


(= + py COS s) 
a= r E 
cos 0 — usin 0 
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13-34. 


The 4-kg smooth cylinder is supported by the spring having 
a stiffness of ky = 120 N/m. Determine the velocity of the 
cylinder when it moves downward s = 0.2 m from its 
equilibrium position, which is caused by the application of 
the force F = 60N. 


SOLUTION 


Equation of Motion. At the equilibrium position, realizing that Fp = kxọ = 120x 
the compression of the spring can be determined from 


+73F =0; 120% — 499.81) =0 x = 0.327 m 


Thus, when 60N force is applied, the compression of the spring is 
x =s + X = s + 0.327. Thus, Fp = kx = 120(s + 0.327). Then, referring to the 
FBD of the collar shown in Fig. a, 


+P 3K, = may, —120(s + 0.327) — 60 — 4(9.81) = 4(—a) 
a = {15 — 30s} m/s” 


Kinematics. Using the result of a and integrate J vdv = ads with the initial 


condition v = Oats = 0, 


v S 
frw = fas — 30s)ds 
0 0 
ae 


= 155 — 15 3? 


{ V 30(s — s’)} m/s 


V30(0.2 — 0.22) = 2.191 m/s = 2.19 m/s 


Ans: 
v = 2.19 m/s 
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13-35. 


The coefficient of static friction between the 200-kg crate 
and the flat bed of the truck is u, = 0.3. Determine the 
shortest time for the truck to reach a speed of 60 km/h, 
starting from rest with constant acceleration, so that the 
crate does not slip. 


SOLUTION 


Free-Body Diagram: When the crate accelerates with the truck, the frictional 
force Fy develops. Since the crate is required to be on the verge of slipping, 
Fr = psN = 0.3N. 


Equations of Motion: Here, a, = 0. By referring to Fig. a, 

+1 =F, = may; N — 200(9.81) = 200(0) ZLOOGSIDN 
N = 1962N 

SF, = —0.3(1962) = 200(—a) 


a = 2.943 m/s? <— 


Kinematics: The final velocity of the truck is v = (60 Kan (0 ™)( th ) = 
h 1km 3600 s 


16.67 m/s. Since the acceleration of the truck is constant, 


(4+) Vv = v + act 
16.67 = 0 + 2.943t 


t = 5.66s 
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*13-36. 


The 2-lb collar C fits loosely on the smooth shaft. If the 
spring is unstretched when s = 0 and the collar is given a 
velocity of 15 ft/s, determine the velocity of the collar when 
s=l1ft. 


SOLUTION 
F,=kx;, F,=4(V1+ 8-1) 


5 =F, = ma,; 


1 
4s ds 
E 4s ds 
n V1 + s 


v = 14.6 ft/s 


Ans: 
v = 14.6 ft/s 
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13-37. 


The 10-kg block A rests on the 50-kg plate B in the position 
shown. Neglecting the mass of the rope and pulley, and 
using the coefficients of kinetic friction indicated, determine 
the time needed for block A to slide 0.5 m on the plate when 
the system is released from rest. 


SOLUTION 
Block A: 
+N 3, = : Na — 10(9.81) cos 30° = 0 N4 = 84.96 N 
bY LE = ; —T + 0.2(84.96) + 10(9.81) sin 30° = 10a, 
T — 66.04 = —10a, 


Block B: 

+N LE, : Nz — 84.96 — 50(9.81) cos 30° = 0 
Ng = 509.7 N 

bY LE = —0.2(84.96) — 0.1(509.7) — T + 50(9.81 sin 30°) = 50ag 
177.28 — T = 50ag 


Sa + Sgp =l 
As, = —Asp 


a, — 


Solving Eqs. (1) — (3): 


ap 


ag = 1.854 m/s? 

a, = -1.854m/s* T = 84.58 N 

In order to slide 0.5 m along the plate the block must move 0.25 m. Thus, 
G4) SB =SA + SBJA 

—As, = As, + 0.5 

As, = —0.25m 


1 
(+7) SA = So + Vot + zal 


il 
0.25=0+04 zí 1.854)? 


t = 0.519 s 
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13-38. 


The 300-kg bar B, originally at rest, is being towed over a 
series of small rollers. Determine the force in the cable 
when t = 5 s, if the motor M is drawing in the cable for a 
short time at a rate of v = (0.4t?) m/s, where t is in seconds 
(0 = t = 6s). How far does the bar move in 5 s? Neglect 
the mass of the cable, pulley, and the rollers. 


SOLUTION 


5 2F. = ma; T = 300a 


v = 0.417 


W og 
dt : 


When t = 5s,a = 4m/s* 


T = 300(4) = 1200 N = 1.20 kN 


ds = v dt 


s 3 
I ds = / 0.417 ds 
0 0 


ps 5° = 16.7m 
@o 
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13-39. 


An electron of mass m is discharged with an initial 
horizontal velocity of v,. If it is subjected to two fields of 
force for which F, = Fo and F, = 0.3F 9, where Fo is 
constant, determine the equation of the path, and the speed 
of the electron at any time t. pai ip i a a a E 


SOLUTION 


5 YF, = Max; Fo = ma, 


+Î2F, = may 0.3 Fy = may 


+++++++H+++++++ 


v= f(E a + (E 


1 
= —V1.09F2? + 2Fotmvy + mo 
m 


x t Fo 
dx = —t + v | dt 
0 o\m 


2 


Ans: 


1 
v= —V1.09F3 P+ 2Rtmv + mv 
m 


Be eS 2m_\ ip 
X= 03 aly ay 
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*13—-40. 


The 400-lb cylinder at A is hoisted using the motor and the 
pulley system shown. If the speed of point B on the cable is 
increased at a constant rate from zero to vg = 10 ft/s in 
t = 5s, determine the tension in the cable at B to cause 
the motion. 


SOLUTION 
254 + Sp=l 


2a, = — ag 


(E) v = Up + apt 


10 =0+ ag(5) 
ag = 2 ft/s" 
aa = —1 ft/s” 

400 
+L5F, = may; 400 - 2T= (Sep 
Thus, T = 206 lb 
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Ans: 
T = 206 lb 
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13-41. 


Block A has a mass m; and is attached to a spring having a 
stiffness k and unstretched length lọ. If another block B, 
having a mass mp, is pressed against A so that the spring 
deforms a distance d, determine the distance both blocks 
slide on the smooth surface before they begin to separate. 
What is their velocity at this instant? 


SOLUTION 
Block A: 


5 =F, = ma,; k(x 
Block B: 
5 YF, = ma,; N = mz az 


Since a4 = ag = a, 


k(x — d) — mga = maa 


k(d — x) _ kmp (d — x) 
(ma + mp) N (ma + mp) 


N =0when d-x=0, or x=d 


vdv = adx 


v d 
k(d — 
fva- EC 
0 


x 
o (m4 + mp) 


À [o 


kd? 
(ma + mp) 
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13-42. 


Block A has a mass m; and is attached to a spring having a 
stiffness k and unstretched length lọ. If another block B, 
having a mass mp, is pressed against A so that the spring 
deforms a distance d, show that for separation to occur it is 
necessary that d>2ugg(mą + mpg)/k, where px, is the 
coefficient of kinetic friction between the blocks and the 
ground. Also, what is the distance the blocks slide on the 
surface before they separate? 


SOLUTION 
Block A: 


+ YF, = ma,; k(x — d) — N — uma g = mya, 


Block B: 
SSF, = ma; N — ukmgg = mgag 


Since a4 = ag = a, 


Te k(d — x) — pe g(ma + mg) k(d — x) 
(m4 + mp) (ma + mp) 


Mk & 


_ kmg(d — x) 
(ma + mp) 


N = 0,then x = d for separation. 


At the moment of separation: 


vdv = adx 


[ 3 al k(d — x) |e 
vav = $ x 

0 o [0na + mp) E 

L a k i 


1, 
2” (m4 + mp) [ws 2% mex] 


= — 2px g(m4 + mp)d 
a (ma + mp) 


Require v > 0, so that 

kd? — 2u; g(m, + mp)d > 0 
Thus, 

kd > 2px g(m, + mp) 


2 
d> EE (na + mp) 


Ans: 
x = d for separation. 
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13-43. 


A parachutist having a mass m opens his parachute from an 
at-rest position at a very high altitude. If the atmospheric 
drag resistance is Fp = kv, where k is a constant, 
determine his velocity when he has fallen for a time t. What 
is his velocity when he lands on the ground? This velocity is 
referred to as the terminal velocity, which is found by letting 
the time of fall t — ~. 


SOLUTION 
+} SF, = ma,; 


v 


se ae) 


=f 


When t — œ 
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*13-44. 


If the motor draws in the cable with an acceleration of 
3m/s?, determine the reactions at the supports A and B. The 
beam has a uniform mass of 30 kg/m, and the crate has a 
mass of 200 kg. Neglect the mass of the motor and pulleys. 


SOLUTION 


Se + (Se = Sp) 


IT ' 
2T — 1962 = 200(1.5) = 
T = 1,131 N iy 


By (6) — (1765.8 + 1,131)3 — (1,131)(2.5) = 0 TENU 
B, = 1,919.65 N = 1.92 kN 
l Bm a Zol. TN =/7E SPN 
1765.8 — (2)(1,131) + 1919.65 = 0 ji aA nih iii 
a By 


2108.15 N = 2.11 kN Ans. 


hy 2 Siu LIZIN 
bI 3/N 


0 
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13-45. 


If the force exerted on cable AB by the motor is 
F= (1002/7) N, where t is in seconds, determine the 50-kg 
crate’s velocity when t = 5s. The coefficients of static and 
kinetic friction between the crate and the ground are u, = 0.4 
and ug = 0.3, respectively. Initially the crate is at rest. 


SOLUTION 


Free-Body Diagram: The frictional force F, is required to act to the left to oppose 
the motion of the crate which is to the right. 


Equations of Motion: Here, ay = 0. Thus, 
+T=F, = may; N — 50(9.81) = 50(0) 


N = 490.5 N 


4 


Realizing that Fp = uN = 0.3(490.5) = 147.15 N, : 
g f = Bk (490.5) a 50(9.B1)N 
+1>F, = may; 10017/? — 147.15 = 50a i ¥ 


a = (219? — 2.943) m/s F=/0ot 


Equilibrium: For the crate to move, force F must overcome the static friction of 
Fy = uN = 0.4(490.5) = 196.2 N. Thus, the time required to cause the crate to be 
on the verge of moving can be obtained from. 


45 YF, = 0; 1002 — 196.2 = 0 


t = 1.567s 


Kinematics: Using the result of a and integrating the kinematic equation dv = a dt 
with the initial condition v = 0 at t = 1.567 as the lower integration limit, 


(5) fav foa 


v t 
7 dv = f (2/2 — 2.943)dt 
0 1.567 s 


t 
v = (0.845? — 2.9431) 
1.567 s 


v = (0.85? — 2.943t + 2.152) m/s 


When t = 5s, 


v = 0.8(5)°? — 2.943(5) + 2.152 = 32.16 ft/s = 32.2 ft/s 


Ans: 
v = 32.2 ft/s 
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13-46. 
Blocks A and B each have a mass m. Determine the largest 


horizontal force P which can be applied to B so that A will 
not move relative to B. All surfaces are smooth. 


SOLUTION 
Require 
4a 7 agp-a 


Block A: 


+Î EF, = 0; N cos — mg = 0 


<= YF, = ma,; N sin 0 = ma 
a = gtandé 
Block B: 
&5F, = ma; P — N sin0 = ma 
P — mg tan 0 = mg tan 


P = 2mg tané 


Ans: 
P = 2mg tan 0 
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13-47. 


Blocks A and B each have a mass m. Determine the largest 
horizontal force P which can be applied to B so that A will 
not slip on B. The coefficient of static friction between A and 
B is ps. Neglect any friction between B and C. 


SOLUTION 

Require 

ad, = dgp=a 

Block A: 

+T=F, = 0; N cos @ — p;,N sin 0 — mg = 0 
= =F, = ma,; N sin + p,N coséd = ma 


= mE 


cos — ps sin 0 


(= + ps cos z) 
gE cos 0 — usin 0 


P — u; N cos0 — N sin 0 = ma 


(= + py COS 5) (= + Hs COS 5) 
P= mg = mg 


cos 0 — pw, sin 0 


sin 0 + pw, cos 0 
P = 2mg : 
cos 0 — ps sin 0 


cos 0 — usin 0 


Ans: 


sin 0 + u cos 0 
P = 2m A 
cos 0 — p, sin 0 
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*13—-48. 


The smooth block B of negligible size has a mass m and 
rests on the horizontal plane. If the board AC pushes on the 
block at an angle @ with a constant acceleration ag, 
determine the velocity of the block along the board and the 
distance s the block moves along the board as a function of 
time t. The block starts from rest when s = 0, t = 0. 


SOLUTION 


Z+2F, = ma; 0 = mapgsin ġ 
ag = aac + agjac 


ag = a + ag/AC 


sin @ = —aọ sin@ + apyac 


0= m(—ao sin 6 + agjac) 


agjac = a sin 0 


UB/AC t 
[ dvB/ Ac = fa sin 6 dt 
0 0 


UB/Ac = 4 Sin 0 t 


t 
SB/AC TS = fa sin 0 t dt 
0 


1 ing 2 
S = 7d) sin 
2 - 


Ans: 


Upiac = 4 sin 0 t 


1 : 2 
s = >a sin 0 t 
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13-49. 


If a horizontal force P = 121b is applied to block A 
determine the acceleration of block B. Neglect friction. 


SOLUTION 


Block A: 


8 
ty = . = i e eee 
=F, = may; 12 — Ngsin 15 (5a 


Block B: 
+1XF, = may; peosis* = 15 = È 


Sg = satan 15° 
ag = aatan 15° 
Solving Eqs. (1)-(3) 
a, = 28.3 ft/s’ Np = 19.2 1b 


ag = 7.59 ft/s? 


Ans: 
ag = 7.59 ft/s? 
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13-50. 


A freight elevator, including its load, has a mass of 1 Mg. It 
is prevented from rotating due to the track and wheels 
mounted along its sides. If the motor M develops a constant 
tension T = 4kN in its attached cable, determine the 
velocity of the elevator when it has moved upward 6 m 
starting from rest. Neglect the mass of the pulleys and 
cables. 


SOLUTION 


Equation of Motion. Referring to the FBD of the freight elevator shown in Fig. a, 


+Î2F, = ma,  3(4000) — 1000(9.81) = 1000a 


a = 2.19 m/s’t 
Kinematics. Using the result of a, 
Gt) w= + 2a; vw? = 0? + 2(2.19)(6) 
v = 5.126 m/s = 5.13 m/s 


4FO00N 


4oooN (  4000N 


P 


| 
SAIN! 


/000(F-BI)N 
(a) 


Ans: 
v = 5.13 m/s 
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13-51. 


The block A has a mass m, and rests on the pan B, which 
has a mass mg. Both are supported by a spring having a 
stiffness k that is attached to the bottom of the pan and to 
the ground. Determine the distance d the pan should be 
pushed down from the equilibrium position and then 
released from rest so that separation of the block will take 
place from the surface of the pan at the instant the spring 
becomes unstretched. 


SOLUTION 


For Equilibrium 


+TXF, = may; F, = (m4 + mp)g 
F, (my + mp)g 


Yeq ~ k k 


Block: 
+7 =F, = may; 


Block and pan 


+TEF, = may —(m4 + mp)g + kye + y) = (m4 4 


Thus, 


mp)a 


(ma 


Since d is downward, 
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Ans: 


d = 


(m4 + mg)g 
k 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*13-52. 


A girl, having a mass of 15 kg, sits motionless relative to the 
surface of a horizontal platform at a distance of r = 5 m from 
the platform’s center. If the angular motion of the platform is 
slowly increased so that the girl’s tangential component of 
acceleration can be neglected, determine the maximum speed 
which the girl will have before she begins to slip off the 
platform. The coefficient of static friction between the girl and 
the platform is = 0.2. 


SOLUTION 


Equation of Motion: Since the girl is on the verge of slipping, Fy = u,N = 0.2N. 
Applying Eq. 13-8, we have 


LF, = 0; N — 15(9.81) = 0 N = 147.15N 


LF 


n 


v2 
0.2(147.15) = s2) 


v = 3.13 m/s 


Ans: 
v = 3.13 m/s 
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13-53. 


The 2-kg block B and 15-kg cylinder A are connected to a 
light cord that passes through a hole in the center of the 
smooth table. If the block is given a speed of v = 10m/s, 
determine the radius r of the circular path along which it 
travels. 


SOLUTION 


Free-Body Diagram:The free-body diagram of block B is shown in Fig. (a). The 
tension in the cord is equal to the weight of cylinder A, ie., 
T = 15(9.81) N = 147.15 N. Here, a, must be directed towards the center of the 
circular path (positive n axis). 


10° 
Equations of Motion: Realizing that a, = = and referring to Fig. (a), 
p 


10? 
147.15 = 2 =a 


r= 136m 


n, 
NTT 47-19 N 219804 
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13-54. 


The 2-kg block B and 15-kg cylinder A are connected to a 
light cord that passes through a hole in the center of the 
smooth table. If the block travels along a circular path of 
radius r = 1.5m, determine the speed of the block. 


SOLUTION 


Free-Body Diagram: The free-body diagram of block B is shown in Fig. (a). The 
tension in the cord is equal to the weight of cylinder A, i.e., 
T = 15(9.81) N = 147.15 N. Here, a, must be directed towards the center of the 
circular path (positive n axis). 


2 2 


Oe. 
r 1.5 


Equations of Motion: Realizing that a, = and referring to Fig. (a), 


2 

v 
=F, = may; 147.15 = 2| -z 
n May, 7 (3) 


v = 10.5 m/s 


ae T=/4717N 
Man 
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2498))N 


Ans: 
v = 10.5m/s 


t 
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13-55. 


Determine the maximum constant speed at which the pilot 
can travel around the vertical curve having a radius of 
curvature p = 800 m, so that he experiences a maximum 
acceleration a„ = 8g = 78.5 m/s”. If he has a mass of 70 kg, 
determine the normal force he exerts on the seat of the 
airplane when the plane is traveling at this speed and is at its 
lowest point. 


SOLUTION 
78.5 = = a  —_——~ 


800 


v = 251 m/s Ans. (IRN 


An 
+E, = ma, N — 70(9.81) = 70(78.5) f 
ty 


N = 6.18 kN 


Ans: 
N = 6.18 kN 
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*13-56. 


Cartons having a mass of 5 kg are required to move along 
the assembly line at a constant speed of 8 m/s. Determine 
the smallest radius of curvature, p, for the conveyor so the 
cartons do not slip. The coefficients of static and kinetic 
friction between a carton and the conveyor are u; = 0.7 and 
by = 0.5, respectively. 


SOLUTION 


+ÎEF, = M Ap; 
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13-57. 


The collar A, having a mass of 0.75 kg, is attached to a 
spring having a stiffness of k = 200 N/m. When rod BC 
rotates about the vertical axis, the collar slides outward 
along the smooth rod DE. If the spring is unstretched when 
s = 0, determine the constant speed of the collar in order 
that s = 100 mm. Also, what is the normal force of the rod 
on the collar? Neglect the size of the collar. 


SOLUTION 
0; N, — 0.75(9.81) = 0 


vw 
200(0.1) = ors) 
0.10 


N=0 


v = 1.63 m/s 


N = V (7.36? + (0) = 7.36 N 


0. 7509, IN 
Ne 


Z 


&=200(0, 1) 


i 


Ans: 
v = 1.63 m/s 
N = 7.36 N 
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13-58. 


The 2-kg spool S fits loosely on the inclined rod for which the 
coefficient of static friction is u, = 0.2. If the spool is located 
0.25 m from A, determine the minimum constant speed the 
spool can have so that it does not slip down the rod. 


SOLUTION 


4 
p= 0.25(2) =02m 


4 wv 
+ = 3 = 
+| XF, = Ma, ) o2n,(<) (4) 


3 
+Î £F, = map i o2n(2) 2(9.81) = 0 


N, = 21.3N 


v = 0.969 m/s 


Ans: 
v = 0.969 m/s 
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13-59. 


The 2-kg spool S fits loosely on the inclined rod for which 
the coefficient of static friction is u, = 0.2. If the spool is 
located 0.25 m from A, determine the maximum constant 
speed the spool can have so that it does not slip up the rod. 


SOLUTION 
p= 0256) =0.2m 


w 
0.2 


ESF, =ma; NÓ + 02N(Q) = 25) 


+1 SF, = map: NG) - 02N,) — 2(9.81) = 0 


N, = 28.85N 


v = 1.48 m/s 


303 


2¢9.91) N 


ANS i, 
OoN, > 


Ans: 
v = 1.48 m/s 
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*13-60. 


At the instant 9 = 60°, the boy’s center of mass G has a 
downward speed vg = 15 ft/s. Determine the rate of 
increase in his speed and the tension in each of the two 
supporting cords of the swing at this instant. The boy has a 
weight of 60 Ib. Neglect his size and the mass of the seat 
and cords. 


SOLUTION 


60 
INF, = ma;; 60 cos 60° = zg% 45 16.1 ft/s? 


2 
Z+92F, = ma, 2T — 60 sin 60° = a (2 


32.2\ 10 


) T = 46.9 lb 


Ans: 
a, = 16.1 ft/s? 
T = 46.9 lb 
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13-61. 


At the instant 0 = 60°, the boy’s center of mass G is 
momentarily at rest. Determine his speed and the tension in 
each of the two supporting cords of the swing when 
0 = 90°. The boy has a weight of 60 Ib. Neglect his size and 
the mass of the seat and cords. 


SOLUTION 


60 
IND, = ma; 60 cos = 322“ a, = 32.2 cos0 


60 /%? 
Z+5F, = ma; 2T — 60 sin 0 = s5) 
32.2\10 


v dv = ads however ds = 10d0 


v 90° 
1 v dv I 322 cos 6 dé 
0 60° 


v = 9.289 ft/s 
From Eq. (1) 


60 (9.2897 
— 60sin 90° = —— 
2T — 60sin = 10 


) T = 38.0 |b 


Ans: 
v = 9.29 ft/s 
T = 38.0 lb 
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13-62. 


A girl having a mass of 25 kg sits at the edge of the merry- 
go-round so her center of mass G is at a distance of 1.5 m 
from the axis of rotation. If the angular motion of the 
platform is slowly increased so that the girl’s tangential 
component of acceleration can be neglected, determine the 
maximum speed which she can have before she begins to 
slip off the merry-go-round. The coefficient of static friction Ñ 

between the girl and the merry-go-round is u, = 0.3. AA 


fa 


SOLUTION a ee” 


2 
55F,= ma;  0.3(245.25) = E) 


v = 2.10 m/s p 245,25 N 


O3N 
N= 245.25 N 


Ans: 
v = 2.10 m/s 


306 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


13-63. 


The pendulum bob B has a weight of 5 lb and is released from 
rest in the position shown, 0 = 0°. Determine the tension in 
string BC just after the bob is released, @ = 0°, and also at the 
instant the bob reaches point D,@ = 45°. Taker = 3 ft. 


SOLUTION 


Equation of Motion: Since the bob is just being release, v = 0. Applying Eq. 13-8 to 
FBD(a), we have 


LF, = Map; par (5) =0 
n = May x = 32.2 3 


Applying Eq. 13-8 to FBD(b), we have 


5 
XF, = ma, ; Scos@ = 305 4 a, = 32.2 cos 0 


. 5 v? 
T — 5sin0 A) [1] 


Kinematics: The speed of the bob at the instant when 0 = 45° can be determined 
using vdv = a, ds. However, ds = 3d6, then vdv = 3a, d0. 


v 45° 
I vdv = 3622) | cos 6d0 
0 0 


v? = 136.61 ft?/s? 


Substitute 0 = 45° and v? = 136.61 ft/s” into Eq. [1] yields 


ENE E ES 
smo 2 3 


T = 10.6 lb 
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Ans: 
T=0 
T = 10.6 lb 
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*13--64. 
The pendulum bob B has a mass m and is released from rest 
when 0 = 0°. Determine the tension in string BC immediately 


afterwards, and also at the instant the bob reaches the arbitrary 
position 6. 


SOLUTION 


Equation of Motion: Since the bob is just being release, v = 0. Applying Eq. 13-8 to 
FBD(a), we have 


0 
DF, = may; ~)=0 


Applying Eq. 13-8 to FBD(b), we have 


DXF, = ma, ; mg cos 0 = ma, a, = g cos 0 


2 
DF, = man; T — mg sin@ = m(=) [1] 


Kinematics: The speed of the bob at the arbitrary position 0 can be detemined using 
vdv = a, ds. However, ds = rd0, then vdv = a, rdé. 


v (i 
I vdv = er | cos 6d0 
0 0 


v? = 2er sin 0 


Substitute v? = 2gr sin 0 into Eq. [1] yields 


2gr sin *) 


T — mg sin@ = m( 
7 


T = 3mgsin0 
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Ans: 
T=0 
T = 3mg sin 0 
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13-65. 


Determine the constant speed of the passengers on the 
amusement-park ride if it is observed that the supporting 
cables are directed at 0 = 30° from the vertical. Each chair 
including its passenger has a mass of 80 kg. Also, what are 
the components of force in the n, t, and b directions which 
the chair exerts on a 50-kg passenger during the motion? 


SOLUTION 


v2 


#3F,=ma,;  Tsin30° = 807) 


tT SF, = 0; T cos 30° — 80(9.81) = 0 


T = 906.2 N 
ya 
v = 6.30 m/s =s H+ b s30? 


(6.30)? 
F, = 50( ) = 283 N 


M 
30(9.81) 


490.5, | Fe 


<< — Fr 


Ans: 

v = 6.30 m/s 
F, = 283 N 
F=0 

F, = 490N 


309 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


13-66. 


A motorcyclist in a circus rides his motorcycle within the 
confines of the hollow sphere. If the coefficient of static 
friction between the wheels of the motorcycle and the 
sphere is u, = 0.4, determine the minimum speed at which 
he must travel if he is to ride along the wall when 6 = 90°. 
The mass of the motorcycle and rider is 250 kg, and the 
radius of curvature to the center of gravity is p = 20 ft. 
Neglect the size of the motorcycle for the calculation. 


SOLUTION 


yw 
fang DXF, = may, N= 250( 2) 


+15F, = ma;  0.4N — 250(9.81) = 0 


Solving, 
v = 22.1 m/s 


25009. SON 


Ans: 
v = 22.1 m/s 
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13-67. 


The vehicle is designed to combine the feel of a motorcycle 
with the comfort and safety of an automobile. If the vehicle 
is traveling at a constant speed of 80 km/h along a circular 
curved road of radius 100 m, determine the tilt angle 0 of 
the vehicle so that only a normal force from the seat acts on 
the driver. Neglect the size of the driver. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the passenger is shown in Fig. (a). 
Here, a,, must be directed towards the center of the circular path (positive n axis). 


. A i km \/ 1000 m 1h 
Equations of Motion: The speed of the passenger is v = (so A )( ikm \G 600 -) 


= 22.22 m/s. Thus, the normal component of the passenger’s acceleration is given by 
wv 22.22? 4.938 m/s2. By referri Fi 
a, = — = -= 4, 
aa 100 . By referring to Fig. (a), 
_ 981m 


cos 0 


+1 DF, = 0; N cos 0 — m(9.81) = 0 


9.81m 
= ma 


&5F : 
n no cos 0 


sin 0 = m(4.938) 


0 = 26.7° 
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*13-68. 


The 0.8-Mg car travels over the hill having the shape of a 
parabola. If the driver maintains a constant speed of 9 m/s, 
determine both the resultant normal force and the 
resultant frictional force that all the wheels of the car exert 
on the road at the instant it reaches point A. Neglect the 
size of the car. 


SOLUTION 


2 


d d 
Geometry: Here, - = —0.00625x and o = —0.00625. The slope angle 0 at point 
x x 


A is given by 


d 
tang = Z = —0.00625(80)  @ = —26.57° 
dx | x=80m 


and the radius of curvature at point A is 


[1 + (dy/dxyP? [1 + (—0.00625x)?p/” 
p= 5 = = 223.61 m 
|d*y/dx-| |—0.00625| satim 


Equations of Motion: Here, a, = 0. Applying Eq. 13-8 with @ = 26.57° and 
p = 223.61 m, we have 


ZF, = ma; 800(9.81) sin 26.57° — F, = 800(0) 


Fy = 3509.73 N = 3.51 KN 


2 
800(9.81) cos 26.57° — N = soo( ) 
223.61 


N = 6729.67 N = 6.73 kN 


Ans: 
Fy = 3.51kN 


N = 6.73 kN 
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13-69. 


The 0.8-Mg car travels over the hill having the shape of a 
parabola. When the car is at point A, it is traveling at 9 m/s 
and increasing its speed at 3 m/s’. Determine both the 
resultant normal force and the resultant frictional force that 
all the wheels of the car exert on the road at this instant. 
Neglect the size of the car. 


SOLUTION 


d a 
Geometry: Here, — = —0.00625x and P = —0.00625. The slope angle 0 at point 
x Xx 


A is given by 
dy 


tan 0 = — = —0,00625(80) 6 = —26.57° 
dx x=80m 


and the radius of curvature at point A is 
[1 + (dy/dxy >? [1 + (—0.00625x)?]>” 


= = = 223.61 
i |dy/dx? |-0.00625|  |x-s0m - 


Equation of Motion: Applying Eq. 13-8 with 0 = 26.57° and p = 223.61 m, we have 
LF, = ma; 800(9.81) sin 26.57° — F = 800(3) 


Fy = 1109.73 N = 1.11 kN 


LF 


n 


2, 
= ma,; 800(9.81) cos 26.57° — N = soo( 
223.61 


N = 6729.67 N = 6.73 kN 


Ans: 
Fy = 1.11 KN 
N = 6.73 kN 
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13-70. 


The package has a weight of 5 lb and slides down the chute. 
When it reaches the curved portion AB, it is traveling at 
8 ft/s (@ = 0°). If the chute is smooth, determine the speed 
of the package when it reaches the intermediate point 
C (6 = 30°) and when it reaches the horizontal plane 
(@ = 45°). Also, find the normal force on the package at C. 


SOLUTION 


5 
+/ XF, = ma; 5 cos ġ = 372“ 


a, = 32.2 cosh 


2 


N — 5sing = 35 


2 
v 
(— 
20 


vdv = a, ds 


v $ 
1 vdv = f 32.2 cos ¢ (20 dd) 
g 4 


5° 


1 1 
30 ~ 7 (8) = 644 (sin o — sin 45°) 


At @ = 45° + 30° = 75°, 
vc = 19.933 ft/s = 19.9 ft/s 
Nc = 7.91 Ib 
At ¢ = 45° + 45° = 90° 


vg = 21.0 ft/s 


Ans: 

vc = 19.9 ft/s 
Ne = 7.91 Ib 
Vg = 21.0 ft/s 
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13-71. 


The 150-lb man lies against the cushion for which the 
coefficient of static friction is u, = 0.5. Determine the 
resultant normal and frictional forces the cushion exerts on 
him if, due to rotation about the z axis, he has a constant 
speed v = 20 ft/s. Neglect the size of the man. Take 6 = 60°. 


SOLUTION 


150 / 20° 
+N DB = m(ay)y; N — 150 cos 60° = (2) sin 60° 


N = 277 lb 


150 / 20° 
+/ XF, = m(a,)x; — F + 150sin 60° = (x5) cos 60° 


F = 13.41b 


Note: No slipping occurs 


Since p,N = 138.4 1b > 13.4 1b 


Ans: 
N = 277 lb 
F = 13.41b 
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*13-72. 


The 150-lb man lies against the cushion for which the 
coefficient of static friction is u, = 0.5. If he rotates about 
the z axis with a constant speed v = 30 ft/s, determine the 
smallest angle 6 of the cushion at which he will begin to 
slip off. 


SOLUTION 


150 / (30)? 
£ YF, = ma;  0.5Ncos0 + Nsin@ = ot 


+} EF, = 0; — 150 + Ncos@ — 0.5 Nsin@ = 0 


150 
cos 0 — 0.5 sin@ 


(0.5 cos@ + sin 0)150 = 150 (CP) 
(cos@ — 0.5 sin 6) 32.2\ 8 


0.5 cos + sin 0 = 3.49378 cos 0 — 1.74689 sin 0 


0 = 47.5° 
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13-73. 


Determine the maximum speed at which the car with mass 
m can pass over the top point A of the vertical curved road 
and still maintain contact with the road. If the car maintains 
this speed, what is the normal reaction the road exerts on 
the car when it passes the lowest point B on the road? 


SOLUTION 


Free-Body Diagram: The free-body diagram of the car at the top and bottom of the 
vertical curved road are shown in Figs. (a) and (b), respectively. Here, a, must be 
directed towards the center of curvature of the vertical curved road (positive axis). 


Equations of Motion: When the car is on top of the vertical curved road, it is 
required that its tires are about to lose contact with the road surface. Thus, N = 0. 


Realizing that a, = — = — and referring to Fig. (a), 
p or 


+L EF, = ma,; mg = ( 


Using the result of v, the normal component of car acceleration is 


r 
= g when it is at the lowest point on the road. By referring to Fig. (b), 
F 


+T3F,, = ma,: N — mg = mg 


N = 2mg 
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13-74. 


Determine the maximum constant speed at which the 2-Mg 
car can travel over the crest of the hill at A without leaving 
the surface of the road. Neglect the size of the car in the 
calculation. 


SOLUTION 


Geometry. The radius of curvature of the road at A must be determined first. Here 


dy 2x 
Tx 20( we 0.004x 


—0.004 


d 
At point A,x = 0. Thus, > = 0.Then 
dx x=0 


E i t T (1 + 2)? 


= = 250 
dy 0.004 m 


dx? 
Equation of Motion. Since the car is required to be on the verge to leave the road 
surface, N = 0. 


v ) 
EF : 2000(9.81) = 2000| — 
DF, = may; (9.81) & 


v = 49.52 m/s = 49.5 m/s 
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2 
c ak: 
y = 20(1 49 900) 


7 


m—— 100 mia 


2000(7 81) N 


Ans: 
v = 49.5 m/s 
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13-75. 


The box has a mass m and slides down the smooth chute 
having the shape of a parabola. If it has an initial velocity of 
vo at the origin, determine its velocity as a function of x. 
Also, what is the normal force on the box, and the 
tangential acceleration as a function of x? 


SOLUTION 


XF, = ma, 3 


INF, = ma; ; 


From Eq. (1): 


N= 


m (võ + A 


E 
V1 +x? (1+ x°) 
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*13-76. 


Prove that if the block is released from rest at point B of a 
smooth path of arbitrary shape, the speed it attains when it 
reaches point A is equal to the speed it attains when it falls 
freely through a distance h;i.e.,v = V2gh. 


SOLUTION 


+NF, = ma; mg sin @ = ma, a, = gsind 


vdv = a ds = g sin 0 ds However dy = ds sin 0 


v h 
[ v dv I gdy 
0 0 
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12-77. 


The cylindrical plug has a weight of 2 lb and it is free to 
move within the confines of the smooth pipe. The spring 
has a stiffness k = 14 lb/ft and when no motion occurs 
the distance d = 0.5 ft. Determine the force of the spring 
on the plug when the plug is at rest with respect to the pipe. 
The plug is traveling with a constant speed of 15 ft/s, which 
is caused by the rotation of the pipe about the vertical axis. 


SOLUTION : 
2 | (15) 
£ EF, = man; F, -A 


F, = 14(0.5 — d) 
157 
1405 - d= || 
(0.5 — d)(3 — d) = 0.9982 
1.5 — 3.5d + d? = 0.9982 
d? — 3.5d + 0.5018 = 0 
Choosing the root < 0.5 ft 


d = 0.1498 ft 
F, = 14(0.5 — 0.1498) = 4.90 Ib 


Ans: 
F, = 4.90 lb 
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13-78. 


When crossing an intersection, a motorcyclist encounters 
the slight bump or crown caused by the intersecting road. 
If the crest of the bump has a radius of curvature p = 50 ft, 
determine the maximum constant speed at which he can 
travel without leaving the surface of the road. Neglect the 
size of the motorcycle and rider in the calculation. The rider 
and his motorcycle have a total weight of 450 1b. 


SOLUTION 


450 (0° 
SE = May, 450 - 0 = S5) 


v = 40.1 ft/s 


Ans: 
v = 40.1 ft/s 


322 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


13-79. 


The airplane, traveling at a constant speed of 50 m/s, is 
executing a horizontal turn. If the plane is banked at 
0 = 15°, when the pilot experiences only a normal force on 
the seat of the plane, determine the radius of curvature p of 
the turn. Also, what is the normal force of the seat on the 
pilot if he has a mass of 70 kg. 


SOLUTION 


+1 SF, = map, — Np sin 15° — 70(9.81) = 0 


70(9.81) N 
Np = 2.65 kN 


+ >i = May; Np cos 15° = 


p = 68.3m 


Ans: 
Np = 2.65 kN 
p = 68.3m 
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*13-80. 


The 2-kg pendulum bob moves in the vertical plane with 
a velocity of 8 m/s when @ = 0°. Determine the initial 
tension in the cord and also at the instant the bob reaches 
0 = 30°. Neglect the size of the bob. 


SOLUTION 
Equations of Motion. Referring to the FBD of the bob at position 0 = 0°, Fig. a, 
g2 
F, = ma, T= ($) = 64.0 N Ans. 
For the bob at an arbitrary position 0, the FBD is shown in Fig. b. 
>F = ma; —2(9.81) cos 6 = 2a, 
a, = —9.81 cos 0 


2 
SF, = ma, T + 209.81) sin 0 = (=) 
n eee: 
T =v — 19.62 sin @ (1) 
Kinematics. The velocity of the bob at the position 0 = 30° can be determined by 


integrating vdv = a; ds. However, ds = rd@ = 2d. 


Then, : AUGBI)N 


30 
J —9.81 cos 6(zd@) 
fs 


30° 
—19.62 sin 0 
m 
= —19.62(sin 30° — 0) 
= 44.38 m’/s? 


Substitute this result and 0 = 30° into Eq. (1), 
T = 44.38 — 19.62 sin 30° 
= 34.57 N = 34.6 N 


2(181) N 


(b) 
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13-81. 


The 2-kg pendulum bob moves in the vertical plane 
with a velocity of 6 m/s when @ = 0°. Determine the angle 0 
where the tension in the cord becomes zero. 


SOLUTION 
Equation of Motion. The FBD of the bob at an arbitrary position @ is shown in 
Fig. a. Here, it is required that T = 0. 
LF = ma; —2(9.81) cos 0 = 2a, 
a, = —9.81 cos 0 


2 
SF, = ma,;  2(9.81) sind = (=) 
v? = 19.62 sin 0 qa) 


Kinematics. The velocity of the bob at an arbitrary position 6 can be determined by 


integrating vdv = a,ds. However, ds = rd0 = 2d0. 
Then 


v 0 
/ vdv = f —9.81 cos 0(2d0) 
6 m/s 0° 


2 |v 0 
2| == -19.62 sine 
6 m/s 0° 


v? = 36 — 39.24 sin 0 
Equating Eqs. (1) and (2) 
19.62 sin 0 = 36 — 39.24 sin 0 
58.86 sin 0 = 36 
0 = 37.71° = 37.7° 
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13-82. 
The 8-kg sack slides down the smooth ramp. If it has a speed 
of 1.5 m/s when y = 0.2 m, determine the normal reaction 


the ramp exerts on the sack and the rate of increase in the 
speed of the sack at this instant. 


SOLUTION 


709, 90)N 


6 = tan! (0.2) = 11.31° 


(1.5) 
+NDF, = may; Ng — 8(9.81) cos 11.31° = 8| ——— 


5.303 
Np = 80.4N 
+22F, = ma, ; 8(9.81) sin 11.31° = 8a, 


a, = 1.92 m/s” 
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13-83. 


The ball has a mass m and is attached to the cord of length /. 
The cord is tied at the top to a swivel and the ball is given a 
velocity vo. Show that the angle 0 which the cord makes with 
the vertical as the ball travels around the circular path 
must satisfy the equation tan @ sin 0 = vo/gl. Neglect air 
resistance and the size of the ball. 


SOLUTION 


we 
4 =F, = may; T sin@ = n(2) 
r 


+}>F, = 0; T cos0 — mg = 0 
mit 


~ l sin? 6 
a) 
ag = 
I sin? 0 j 


tan 0 sin 8 = 


Since r = / sin 6 T 


Ans: 


; v 
tan 0 sin 0 = — 
gl 
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*13-84. 


The 2-lb block is released from rest at A and slides down 
along the smooth cylindrical surface. If the attached spring 
has a stiffness k = 2 lb/ft, determine its unstretched length 
so that it does not allow the block to leave the surface until 
0 = 60°. 


WY k = 2 Ib /ft 


SOLUTION 


+/Y>F, = ; B + 2cos0 = (2) 
er na Ss 322\2 


2 
NSF = ma 2sin6g — —— 
$F, = ma; sin 0 390 


a, = 32.2 sin 0 


v 0 
fe dv = i 32.2(sin 0)2d0 
0 0 
1 


v? = 64.4(—-cos 0 + 1) 


2 
When 0 = 60° 
wv = 64.4 
From Eq. (1) 


F, + 2 cos 60° = ($) 


32.2\ 2 


s = 0.5 ft 


0.5 = 1.5 ft 
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13-85. 


The spring-held follower AB has a weight of 0.75 lb and 
moves back and forth as its end rolls on the contoured 
surface of the cam, where r = 0.2 ft and z = (0.1 sin 0) ft. If 
the cam is rotating at a constant rate of 6 rad/s, determine 
the force at the end A of the follower when 0 = 90°. In this 
position the spring is compressed 0.4 ft. Neglect friction at 
the bearing C. 


SOLUTION 


z = 0.1 sin26 


> = 0.2 cos 200 


—0.4 sin 2067 + 0.2 cos 200 


6 rad/s 


F4 — 12(z + 0.3) = mz 


75 
F, — 12(0.1sin20 + 0.3) = Ft sin 20) 


For 0 = 45°, 


0.75 
Fy ~ 1200.4) = 35 5(-14.4) 


F; = 4.46 Ib 
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Ans: 
F, = 4.46 lb 
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13-86. 


Determine the magnitude of the resultant force acting on a 
5-kg particle at the instant t = 2 s, if the particle is moving 
along a horizontal path defined by the equations 
r = (2t + 10)m and @ = (1.5t? — 6t) rad, where t is in 
seconds. 


SOLUTION 


r = 2t + 10|,-, = 14 


6 = 1.50? — 6t 


6 = 3t — 6,22, = 0 


a=ř-r=0-0=0 


ag = r6 + 276 = 14(3) + 0 = 42 


Hence, 
no  F,=50)=0 


EF, = map, ‘Fy = 5(42) = 210 N 


F = V(F,) + (F? = 210 N 
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13-87. 


The path of motion of a 5-lb particle in the horizontal plane 
is described in terms of polar coordinates as r = (2t + 1) ft 
and @ = (0.51? — t) rad, where t is in seconds. Determine 
the magnitude of the unbalanced force acting on the particle 
when t = 2s. 


SOLUTION 
r= 2t+ 1)», = 5ft r = 2 ft/s r=0 
6 = 0.50? — tl-2s = Orad 0 = t — 1ļ-25 = 1 rad/s 6 = 1 rad/s? 


r? = 0 — 5(1)? = —5 ft/s? 


) + 276 = 5(1) + 2(2)(1) = 9 ft/s? 


5 


F = — 
Yr 322 


(—5) = —0.7764 Ib 


5 
=F yp = map; F = z 


=a 50) = ab 


F = VF? + F3 = V(-0.7764 + (1.398)? = 1.60 1b 


Ans: 
F = 1.60 lb 
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*13-88. 


Rod OA rotates counterclockwise with a constant angular 
velocity of 0 =Srad/s. The double collar B is pin- 
connected together such that one collar slides over the 
rotating rod and the other slides over the horizontal curved 
rod, of which the shape is described by the equation 
r = 1.5(2 — cos@) ft. If both collars weigh 0.75 lb, 
determine the normal force which the curved rod exerts on 
one collar at the instant 0 = 120°. Neglect friction. 


SOLUTION 


Kinematic: Here, 0 = 5 rad/s and 6=0. Taking the required time derivatives at 
6 = 120°, we have 


1.5(2 — cos @)|g=129° = 3.75 ft 
1.5 sin 66|p—129° = 6.495 ft/s 
1.5(sin 66 + cos 60 2)|g—129° = —18.75 ft/s? 


Applying Eqs. 12-29, we have 


ro = —18.75 — 3.75(5*) = —112.5 ft/s? 


ag = rO + 270 = 3.75(0) + 2(6.495)(5) = 64.952 ft/s? 


Equation of Motion: The angle must be obtained first. 


r = 15 — cos) 


anri- 
any = Trdo L5sin0 |g- 


= 2.8867 y = 70.89° 


Applying Eq. 13-9, we have 


=ma,; —Ncos19.11° = 0.75 ay 5) 
= ma,; cos 19. = 359 ; 


N = 2.773 lb = 2.77 Ib 


0.75 
= ma; Foa + 2.773 sin 19.11° = — (64.952) 
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= 5 rad/s 


r = 1.5 (2 — cos 0) ft. 


r= 1.5(2 -cos@) 


Ans: 
N = 2.77 lb 
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13-89. 


The boy of mass 40 kg is sliding down the spiral slide at a 
constant speed such that his position, measured from the 
top of the chute, has components r = 1.5 m, 6 = (0.7f) rad, 
and z = (—0.5t) m, where t is in seconds. Determine the 
components of force F,, F}, and F, which the slide exerts on 
him at the instant t = 2 s. Neglect the size of the boy. 


SOLUTION 
r=15 0 = 0.7t 


r=F 6=0.7 
06=0 
a, = ï — (6 = 0 — 1.5(0.7} = 
= rö + 210 = 0 


F, = 40(—0.735) = —29.4 N 
=0 
40(9.81) = 0 
392 N 
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13-90. 


The 40-kg boy is sliding down the smooth spiral slide such 
that z = —2 m/s and his speed is 2 m/s. Determine the r, 6, z 
components of force the slide exerts on him at this instant. 
Neglect the size of the boy. 


SOLUTION 


r=15m 
r= 0 
7=0 
= 2 cos 11.98° = 1.9564 m/s 

—2 sin 11.98° = —0.41517 m/s 

rô; 1.9564 = 1.56 
6 = 1.3043 rad/s 
SF. = ma; —F, = 40(0 — 1.5(1.3043)) 

F. = 102N 

$F) = mag; N, sin 11.98° = 40(ap) 
ZF, = ma; —N, cos 11.98° + 40(9.81) = 40a, 


a 

Require tan 11.98° = Š, aş = 4.7123, 
ag 

Thus, 


a, = 0.423 m/s” 
dy = 1.99 m/s” 
N, = 383.85 N 


N, = 383.85 cos 11.98° = 375 N 


No = 383.85 sin 11.98° = 79.7 N 
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13-91. 


Using a forked rod, a 0.5-kg smooth peg P is forced to move 
along the vertical slotted path r = (0.50) m, where @ is in 
radians. If the angular position of the arm is 0 = (t°) rad, 
where t is in seconds, determine the force of the rod on the 
peg and the normal force of the slot on the peg at the instant 
t = 2s. The peg is in contact with only one edge of the rod 
and slot at any instant. 


SOLUTION 


d 
Equation of Motion. Here, r = 0.50. Then a = 0.5. The angle y between the 


extended radial line and the tangent can be determined from 


= 57.52° 


The positive sign indicates that y is measured from extended radial line in positive 
sense of 0 (counter clockwise) to the tangent. Then the FBD of the peg shown in 
Fig. a can be drawn. 


SF. = ma; N sin 57.52° — 0.5(9.81) = 0.54, (1) 
Fy = mag, F — N cos 57.52° = 0.5ag (2) 


Kinematics. Using the chain rule, the first and second derivatives of r and 0 with 
respect to t are 


r 


~ 


Ş 


AQ BIA œlļa 


When t = 2s, 


a T TiNa 
r g (2) z tad 


T T 
42 = z tad/s 


rad/s? 


1.5452 m/s” 


ae oe TIT T _ 2 
ag = r0 + 270 “(2 a(z) 3.0843 m/s 


Substitute these results in Eqs. (1) and (2) 
N = 4.8987 N = 4.90 N 
F = 4173 N = 4.17 N 
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*13-92. 


The arm is rotating at a rate of = 4rad/s when 
@ = 3 rad/s? and @ = 180°. Determine the force it must 
exert on the 0.5-kg smooth cylinder if it is confined to move 
along the slotted path. Motion occurs in the horizontal plane. 6 = 4 rad/s, Ë = 3 rad/s? 


SOLUTION 
dr 


do 
extended radial line and the tangent can be determined from 


2 2 
Equation of Motion. Here, r = ri Then = aa The angle y between the 


r _ 2/0 
dr/dð —2/6° 


tan y = = =6 


At = 180° = ~ rad, 
tanw = =T y = —72.34° 


The negative sign indicates that y is measured from extended radial line in the 
negative sense of 0 (clockwise) to the tangent. Then, the FBD of the peg shown in 
Fig. a can be drawn. 


=F. = ma,; —N sin 72.34° = 0.5a, 
Yh = map; F — N cos 72.34° = 0.5a9 
Kinematics. Using the chain rule, the first and second time derivatives of r are 


r= 26" 


: 2 \.. 
r= —20°ġ = (Z) 


# = —2(-20°6? + 076) = 


When 0 = 180° = mrad, 6 = 4 rad/s and Ë = 3 rad/s”. Thus 


2 
r= —m = 0.6366 m 
T 


r= (2) = —0.8106 m/s 


r= 7 [2(47) — 7(3)] = 1.4562 m/s? 


a, = * — r6? = 1.4562 — 0.6366(42) = —8.7297 m/s” 


dy = 16 + 276 = 0.6366(3) + 2(—0.8106)(4) = —4.5747 m/s” 
Substitute these result into Eqs. (1) and (2), 

N = 4.5807 N 

F = —0.8980 N = —0.898 N Ans. 


The negative sign indicates that F acts in the sense opposite to that shown in 
the FBD. 
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13-93. 
If arm OA rotates with a constant clockwise angular 


velocity of 6 = 1.5 rad/s. determine the force arm OA 
exerts on the smooth 4-lb cylinder B when 6 = 45°. 


SOLUTION 


Kinematics: Since the motion of cylinder B is known, a, and ay will be determined 


; 4 re oada 
first. Here, — = cos 8 or r = 4 sec ð ft. The value of r and its time derivatives at the 
r 


instant 0 = 45° are 


r = 4sec 0 |y=45° = 48sec 45° = 5.657 ft 

į = 4sec 0(tan 0)6|g-4s° = 4sec 45° tan 45°(1.5) = 8.485 ft/s 

r=4 [sec A(tand)o + 6(sec 0 sec? 00 + tan @secé tan 66) | 
= 4| sec @(tan 0)6 + sec? 96? + sec é@ tan? 66° | ee 

= 4[ sec 45° tan 45°(0) + sec? 45°(1.5)? + sec 45° tan” 45°(1.5)| 

= 38.18 ft/s? 


Using the above time derivatives, 


a, =F — rÒ? = 38.18 — 5.657(1.57) = 25.46 ft/s? 
dy = rö — 276 = 5.657(0) + 2(8.485)(1.5) = 25.46 ft/s? 


Equations of Motion: By referring to the free-body diagram of the cylinder shown in 
Fig. a, 


4 
45° — 4cos 45° = ——(25.46 
N cos cos 30.9! ) 


N = 8.472 Ib 
4 
Foa — 8A72sin 45° — 4 sin 45° = (25.46) 


Foa = 12.0 Ib 


Oy=25-40 fYs* 
8 
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Foa — 12.0 lb 
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13-94. 


Determine the normal and frictional driving forces that 
the partial spiral track exerts on the 200-kg motorcycle at 
the instant @ = 37 rad, 0 = 0.4 rad/s, and ð = 0.8 rad/s’. 
Neglect the size of the motorcycle. 


SOLUTION 
a= (Š=) =300° 6= 
r = 50 = (3 r) = 26.18 


2009.31) N 
į = 50 = 5(0.4) = 2 


7 = 50 = 5(0.8) = 4 
a, = ř — r6 = 4 — 26.18(0.4)? = —0.1888 


dg = 10 + 270 = 26.18(0.8) + 2(2)(0.4) = 22.54 


tan w 


= 5.236 i = 79.19° 


dr/do 


INF, = ma, F sin 10.81° — N cos 10.81° + 200(9.81) cos 30° = 200(—0.1888) 


ZX Fo = mag; F cos 10.81° — 200(9.81) sin 30° + N sin 10.81° = 200(22.54) 
F = 5.07 kN Ans. 


N = 2.74 kN Ans. 


Ans: 
F = 5.07 kN 
N = 2.74 kN 
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13-95. 


A smooth can C, having a mass of 3 kg, is lifted from a feed 
at A to a ramp at B by a rotating rod. If the rod maintains a 
constant angular velocity of 6 = 0.5 rad/s, determine the 
force which the rod exerts on the can at the instant 0 = 30°. 
Neglect the effects of friction in the calculation and the size 
of the can so that r = (1.2 cos 0) m. The ramp from A to B 
is circular, having a radius of 600 mm. 


SOLUTION 

2(0.6 cos 0) = 1.2 cos 0 

~1.2 sin 00 

—1.2 cos 06 — 1.2 sin 60 
At@= 30°, 6 = 0.5 rad/s andô = 0 
r = 1.2 cos 30° = 1.0392 m 
į = —1.2 sin 30°(0.5) = —0.3 m/s 


ř = —1.2 cos 30°(0.5)? — 1.2 sin 30°(0) = —0.2598 m/s” 


ró = —0.2598 — 1.0392(0.5)? = —0.5196 m/s? 


dy = 10 + 276 = 1.0392(0) + 2(—0.3)(0.5) = —0.3 m/s? 


+72 F, = ma, N cos 30° — 3(9.81) sin 30° = 3(—0.5196) N = 15.19N 


-NSF = ma; F + 15.19 sin 30° — 3(9.81) cos 30° = 3(—0.3) 


F = 17.0 N 
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*13-96. 


The spring-held follower AB has a mass of 0.5 kg and moves 

back and forth as its end rolls on the contoured surface of 

the cam, where r = 0.15 m and z = (0.02 cos 20) m. If the 

cam is rotating at a constant rate of 30 rad/s, determine the = z = (0.02 cos 26) m 
force component F, at the end A of the follower when 
0 = 30°. The spring is uncompressed when 0 = 90°. Neglect 
friction at the bearing C. 


A k= 1000 N/m 


SOLUTION 
Kinematics. Using the chain rule, the first and second time derivatives of z are 
z = (0.02 cos 20) m 
z = 0.02[—sin 26(26)] = [—0.04(sin 20)6] m/s 
z = —0.04[cos 20(20)0 + (sin 20)6] = [—0.04(2 cos 20(6)* + sin 20(6))] m/s? 
= 30 rad/s and ð = 0. Then 
z = —0.04[2 cos 20(30°) + sin 20(0)] = (—72 cos 20) m/s? 


Equation of Motion. When 6 = 30°, the spring compresses x = 0.02 + 
0.02 cos 2(30°) = 0.03m. Thus, Fp = kx = 1000(0.03) = 30N. Also, at this 
position a, = Z = —72 cos 2(30°) = —36.0 m/s’. Referring to the FBD of the 
follower, Fig. a, 


SF, = ma, N — 30 = 0.5(—36.0) 
N = 12.0N 
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13-97. 


The spring-held follower AB has a mass of 0.5 kg and moves 
back and forth as its end rolls on the contoured surface of 
the cam, where r = 0.15 m and z = (0.02 cos 20) m. If the 
cam is rotating at a constant rate of 30 rad/s, determine the 


z = (0.02 cos 20) m 


maximum and minimum force components F, the follower 
exerts on the cam if the spring is uncompressed when n + 
0 = 90°. 6 = 30 rad/s 


SOLUTION 
Kinematics. Using the chain rule, the first and second time derivatives of z are 
z = (0.02 cos 20) m 
z = 0.02[—sin 20(26)] = (—0.04 sin 200) m/s 
—0.04[cos 20(26)@ + sin 200] = [—0.04(2 cos 26(0)? + sin 20(6))] m/s? 
= 30 rad/s and 6 = 0.Then, 
—0.04[2 cos 20(307) + sin 20(0)] = (—72 cos 20) m/s” 


Equation of Motion. At any arbitrary 0, the spring compresses x = 0.02(1 + cos 26). 


Thus, Fp = kx = 1000[0.02(1 + cos 26)] = 20 (1 + cos 26). Referring to the FBD 


of the follower, Fig. a, 
SF, = ma, N- 20(1 + cos 20) = 0.5(—72 cos 20) 
N = (20 — 16 cos 20) N 
N is maximum when cos 20 = —1.Then 
(N) max = 36.0 N 
N is minimum when cos 26 = 1. Then 


(N) min = 4.00 N 
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Ans: 
(N) max = 36.0 N 
(N) min = 4.00 N 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


13-98. 


The particle has a mass of 0.5 kg and is confined to move 
along the smooth vertical slot due to the rotation of the arm 
OA. Determine the force of the rod on the particle and the 
normal force of the slot on the particle when 6 = 30°. The 
rod is rotating with a constant angular velocity @ = 2 rad/s. 
Assume the particle contacts only one side of the slot at any 
instant. 


SOLUTION 


0.5 
cos 0 


e 


= 0.5 sec 9, 7 = 0.5 sec 6 tan 00 


¥ = 0.5 sec 0 tan 60 + 0.5 sec? 662 + 0.5 sec 6 tan? 667 
g ASCON 
At 6 = 30°. 
6 = 2rad/s 
0=0 
r = 0.5774m 
r = 0.6667 m/s 


ř = 3.8490 m/s” 


a, = 7 — r0? = 3.8490 — 0.5774(2)* = 1.5396 m/s? 


r 


ag = 10 + 270 = 0 + 2(0.6667)(2) = 2.667 m/s” 


-ZZF. = ma, Np cos 30° — 0.5(9.81)sin 30° = 0.5(1.5396) 
Np = 3.7208 = 3.72 N 


-N5 = ma, F — 3.7208 sin 30° — 0.5(9.81) cos 30° = 0.5(2.667) 
F=744N 
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13-99. 


A car of a roller coaster travels along a track which for a 
short distance is defined by a conical spiral, r = åz, 
0 = —1.5z, where r and z are in meters and 0 in radians. If 
the angular motion 0 = 1 rad/s is always maintained, 
determine the r, 0, z components of reaction exerted on the 
car by the track at the instant z = 6m. The car and 
passengers have a total mass of 200 kg. 


SOLUTION 


r = 0.75z r = 0.75z r = 0.75z 


Ə = -1.57 6=-152 = -—1.5z 


6=1=-15z  ż= —0.6667m/s Z=0 


Atz = 6m, 


r = 0.75(6)= 4.5m + = 0.75(—0.6667) = —0.5m/s  ř = 0.75(0) = 0 


a, = f — rọ = 0 — 4.5(1)? = —4.5 m/s? 


= rð + 276 = 4.5(0) + 2(—0.5)(1) = —1 m/s? 


= 200(—4.5) F, = —900N 
F) = 200(—1) F) = —200N 


, — 200(9.81) = 0 F, = 1962 N = 1.96 kN 
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*13-100. 


The 0.5-Ib ball is guided along the vertical circular path 
r = 2r,cos 0 using the arm OA. If the arm has an angular 
velocity 6=04 rad/s and an angular acceleration 
6 = 08 rad/s” at the instant @ = 30°, determine the force of 
the arm on the ball. Neglect friction and the size of the ball. 
Set re = 0.4 ft. 


SOLUTION 
2(0.4) cos 0 = 0.8 cos 0 
—0.8 sin 60 
—0.8 cos 667 — 0.8 sin 60 
At 6 = 30°,6 = 0.4 rad/s, and 6 = 0.8 rad/s? 
r = 0.8 cos 30° = 0.6928 ft 
—0.8 sin 30°(0.4) = —0.16 ft/s 


—0.8 cos 30°(0.4)? — 0.8 sin 30°(0.8) = —0.4309 ft/s? 


= 7 — r = —0.4309 — 0.6928(0.4)? = —0.5417 ft/s? 


dy = rő + 270 = 0.6928(0.8) + 2(—0.16)(0.4) = 0.4263 ft/s? 


0.5 
N cos 30° — 0.5 sin 30° = =~ (—0.5417) N = 0.2790 Ib 


+Z7EF, = mä; 
r r 32.2 


0.5 
N+EFo = maş Foa + 0.2790 sin 30° — 0.5 cos 30° = =-=(0.4263) 


Foa = 0.300 Ib 


344 


Ans: 
Foa = 0.300 lb 
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13-101. 


The ball of mass m is guided along the vertical circular path 
r = 2r, cos 0 using the arm OA. If the arm has a constant 
angular velocity 0), determine the angle 0 = 45° at which 
the ball starts to leave the surface of the semicylinder. 
Neglect friction and the size of the ball. 


SOLUTION 
= 2r, cos 0 
—2r, sin 60 
= —2r, cos 00? — 2r, sin 60 
Since @ is constant, 6 = 0. 


LT = rọ = —2r, COs 063 = 26, COS 005 = —4r, cos 605 


+/7ZF, = ma, —mg sin 0 = m(—4r, cos 002) 


4r.. 62 dre o 
tan 0 = Ee 0 = ian( ) 
E E 
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13-102. 


Using a forked rod, a smooth cylinder P, having a mass of 
0.4 kg, is forced to move along the vertical slotted path 
r = (0.60) m, where @ is in radians. If the cylinder has a 
constant speed of vc = 2 m/s, determine the force of the 
rod and the normal force of the slot on the cylinder at the 
instant 0 = m rad. Assume the cylinder is in contact with 
only one edge of the rod and slot at any instant. Hint: To 
obtain the time derivatives necessary to compute the 
cylinder’s acceleration components a, and dg, take the first 
and second time derivatives of r = 0.60. Then, for further 
information, use Eq. 12-26 to determine b. Also, take the 
time derivative of Eq. 12-26, noting that ùc = 0, to 
determine 0. 


SOLUTION 


r=060 +=060 #=0.66 


=j =0.60 v= rð = 0.600 


2 
=}? + (r) 
( .\2 .\2 : 2 
= 0.6) + (0.00 0 = ——___ 
0.6V1 + 6? 


0 = 0.7206 + 0.36( 200" + 20°06 @=- 


6g? 


. 2 
At = v rad, 0 = ———— = 1.011 rad/s 


0.6V1 + 7? 


(m)(1.011} 
1+ 7 


= —0.2954 rad/s? 


r = 0.6(7) =0.67m + = 0.6(1.011) = 0.6066 m/s 


ř = 0.6(—0.2954) = —0.1772 m/s” 


a, = F — r0? = —0.1772 — 0.67(1.011)* = —2.104 m/s? 


270 = 0.67(—0.2954) + 2(0.6066)(1.011) = 0.6698 m/s? 


r 0.60 3 
tan & dr/do 06 =m y = 72.34 


+ SF, = ma —N cos 17.66° = 0.4(-2.104) N = 0.883 N 


T3 


+} EF; = mag; —F + 0.4(9.81) + 0.883 sin 17.66° = 0.4(0.6698) 


F = 3.92 N 
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Ans: 
N = 0.883 N 
F = 3.92 N 
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13-103. 


The pilot of the airplane executes a vertical loop which in 
part follows the path of a cardioid, r = 200(1 + cos@) m, 
where @ is in radians. If his speed at A is a constant 
v, = 85m /s, determine the vertical reaction the seat of the 
plane exerts on the pilot when the plane is at A. He has a 
mass of 80 kg. Hint: To determine the time derivatives 
necessary to calculate the acceleration components a, and dg, r = 200 (1 + cos 6) m 
take the first and second time derivatives of 
r = 200(1 + cos@). Then, for further information, use 
Eq. 12-26 to determine 0. 


SOLUTION 

Kinematic. Using the chain rule, the first and second time derivatives of r are 
r = 200(1 + cos 6) 
+ = 200(—sin 0)(6) = —200(sin 0)0 
F = —200[(cos 6)(6)* + (sin 0)(6)] 

When 6 = 0°, 


r = 200(1 + cos 0°) = 400m 
7 = —200(sin 0°) ô = 0 


7 = —200| (cos 0°)(6)? + (sin 0°)(8) | = —2006? 


Using Eq. 12-26 
v= VP + (rô? 
v= + (rô)? 


85° = 0° + (4000) 


6 = 0.2125 rad/s 
Thus, 
a, = f — r0? = —200(0.21257) — 400(0.21257) = —27.09 m/s? 
Equation of Motion. Referring to the FBD of the pilot, Fig. a, 
J+3F = ma, 80(9.81) — N = 80(—27.09) 
N = 2952.3 N = 2.95 kN 
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*13-104. 


The collar has a mass of 2 kg and travels along the smooth 
horizontal rod defined by the equiangular spiral r = (e°) m, 
where 0 is in radians. Determine the tangential force F and 
the normal force N acting on the collar when @ = 45°, if the 
force F maintains a constant angular motion 0 = 2 rad/s. 


SOLUTION 


= (0) + 20 
At 6 = 45° 
b = 2 rad/s 
6 
r = 2.1933 
į = 4.38656 


r = 8.7731 


r(0)° = 8.7731 — 2.1933(2)? = 0 


276 = 0 + 2(4.38656)(2) = 17.5462 m/s? 


Z+% F, = ma, ; — Nccos 45° + F cos 45° = 2(0) 


+\ X Fo = ma; F sin 45° + Ne sin 45° = 2(17.5462) 


N = 24.8 N 


F = 24.8 N 
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13-105. 


The particle has a mass of 0.5 kg and is confined to move 
along the smooth horizontal slot due to the rotation of the 
arm OA. Determine the force of the rod on the particle and 
the normal force of the slot on the particle when 6 = 30°. 
The rod is rotating with a constant angular velocity 
§ = 2rad/s. Assume the particle contacts only one side of 
the slot at any instant. 


SOLUTION 


0.5 
= 0.5 sec 0 
cos 0 


asain 


7 = 0.5 sec 0 tan 00 

r= 0.5 { [ (sec tan 66)tan @ + sec @(sec” 00) jo + sec 0 tan 06 } »/ 
= 0.5[sec 0 tan? 06? + sec? 06? + sec 0 tan 06] 

When 0 = 30°,@ = 2 rad/s and 6 = 0 

r = 0.5 sec 30° = 0.5774 m 

r = 0.5 sec 30° tan 30°(2) = 0.6667 m/s 

7 = 0.5| sec 30° tan? 30°(2)? + sec? 30°(2)? + sec 30° tan 30°(0) | 
= 3.849 m/s” 


a, = F — r0? = 3.849 — 0.5774(2)? = 1.540 m/s? 

ag = rő + 276 = 0.5774(0) + 2(0.6667)(2) = 2.667 m/s” 

7+ 36. = ma,; N cos 30° — 0.5(9.81) cos 30° = 0.5(1.540) 
N =5.79N 

+N) = map, F + 0.5(9.81)sin 30° — 5.79 sin 30° = 0.5(2.667) 
F = 1.78N 
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13-106. 


Solve Prob. 13-105 if the arm has an angular acceleration of 
@ = 3rad/s* when 0 = 2 rad/s at 0 = 30°. 


SOLUTION 


0.5 
= 0.5 sec 0 
cos 0 


+ = 0.5 sec 6 tan 00 

r= 0.5 { [ (sec Ø tan 00)tan 0 + sec 0(sec? 00) jo + sec 0 tan 06 } 
= 0.5 [ sec 0 tan? 06? + sec? 06? + sec 0 tan 00 | 

When 0 = 30°, = 2 rad/s and 0 = 3 rad/s 

r = 0.5 sec 30° = 0.5774 m 

r = 0.5 sec 30° tan 30°(2) = 0.6667 m/s 


f = 0.5| sec 30° tan? 30°(2) + sec? 30°(2)? + sec 30° tan 30°(3) | 


= 4.849 m/s” 


= F — rô? = 4,849 — 0.5774(2)? = 2.5396 m/s” 
dy = rð + 270 = 0.5774(3) + 2(0.6667)(2) = 4.3987 m/s” 
7+ SF, = ma; N cos 30° — 0.5(9.81) cos 30° = 0.5(2.5396) 
N = 63712 = 637N 
+N% = may, F + 0.5(9.81) sin 30° — 6.3712 sin 30° = 0.5(4.3987) 
F = 2.93 N 
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13-107. 


The forked rod is used to move the smooth 
2-lb particle around the horizontal path in the shape of a 
limaçon, r = (2 + cos @) ft. If @ = (0.5¢*) rad, where t is in 
seconds, determine the force which the rod exerts on the 
particle at the instant t = 1 s. The fork and path contact the 
particle on only one side. 


SOLUTION 
2 + cos 0 
—sin 60 
—cos 067 — sin 60 6 = 1 rad/s? 
t = 1s,0 = 0.5 rad,@ = 1 rad/s, and@ = 1 rad/s? 
= 2 + cos 0.5 = 2.8776 ft 
—sin 0.5(1) = —0.4974 ft/s? 


—cos 0.5(1)? — sin 0.5(1) = —1.357 ft/s? 


rọ = —1.375 — 2.8776(1)? = —4.2346 ft/s? 
ag = r0 + 270 = 2.8776(1) + 2(—0.4794)(1) = 1.9187 ft/s? 


r 2 + cos @ 
a _ = —6.002 = —80.54° 
an y dr/d@ —sin@ | 9=0.5 rad i 


2 
ZEF, = ma, —N cos 9.46° = -5 (—4.2346) N = 0.2666 Ib 


2 
NE Fy = maş F — 0.2666 sin 9.46° = -5> (1.9187) 


F = 0.163 Ib 
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O=0.5 racl= 28-65" 


Ans: 
F = 0.163 lb 
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*13-108. 


The collar, which has a weight of 3 Ib, slides along the 
smooth rod lying in the horizontal plane and having the 
shape of a parabola r = 4/(1 — cos @), where @ is in radians 
and r is in feet. If the collar’s angular rate is constant and 
equals 6 = 4rad/s, determine the tangential retarding 
force P needed to cause the motion and the normal force 
that the collar exerts on the rod at the instant 0 = 90°. 


SOLUTION 


4 


=I cos 


—4 sin 06 


r7 (1 — cos 0} 
_ —4sing6@  —4cos0 (6) | 8sin? 60 
(1 — cos 6)” : (1 — cos 6)” | (1 — cos 0) 


: 


At 6 = 90°, 


7 


a, = F — r(0) = 128 — 4(4)? = 64 


276 = 0 + 2(-16)(4) = —128 


7 4 
1 — cos 0 


dr —4 sin 6 
d0 (1 — cos 0} 


A 
r 1 — cos é@) 
tan Y E —4sin 0 9=90° =4 
dé (1 — cos 6)? !7~ 


— 45° = 135° 


a 


+ÎEF, = ; — Psin45° — N cos 45° = 
TEF, = ma,; sin cos 302 


(64) 


3 
Æ E Fy = ma; — P cos 45° — N sin 45° = = (-128) 


Solving, 


Ans: 
P = 12.6 lb 
N = 4.22 |b 
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13-109. 


Rod OA rotates counterclockwise at a constant angular 
rate Ô = 4rad/s. The double collar B is pin-connected 
together such that one collar slides over the rotating rod 
and the other collar slides over the circular rod described 
by the equation r = (1.6 cos 6) m. If both collars have a 
mass of 0.5 kg, determine the force which the circular rod 
exerts on one of the collars and the force that OA exerts on 
the other collar at the instant 0 = 45°. Motion is in the 
horizontal plane. 


SOLUTION 
1.6 cos 0 
—1.6 sin 00 
—1.6 cos 06? — 1.6 sin 00 


At 0 = 45°,6 = 4rad/s and @ = 0 


= 1.6 cos 45° = 1.1314 m 
—1.6 sin 45°(4) = —4.5255 m/s 
—1.6 cos 45°(4)? — 1.6 sin 45°(0) = —18.1019 m/s” 
a, = 7 — r0? = —18.1019 — 1.1314(4)? = —36.20 m/s? 
dy = rð + 276 = 1.1314(0) + 2(—4.5255)(4) = —36.20 m/s? 
7+ XF. = ma; —Nc cos 45° = 0.5(—36.20) Nc = 25.6N 
+\ DF, = ma, Foa — 25.6 sin 45° = 0.5(—36.20) Fo, = 0 
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13-110. 


Solve Prob. 13-109 if motion is in the vertical plane. 


SOLUTION 

1.6 cos 0 

—1.6 sin 06 

—1.6 cos 067 — 1.6 sin 06 

= 45° gH 4 = Ne 40,364.88) Fy Se 
At 6 = 45°, 0 = 4rad/s and 0 = 0 creek nex 45° 

= 1.6 cos 45° = 1.1314m R F 
. 2A 
—1.6 sin 45°(4) = —4.5255 m/s 
—1.6 cos 45°(4)? — 1.6 sin 45°(0) = —18.1019 m/s? 


=F — rô? = —18.1019 — 1.1314(4)? = —36.20 m/s? 


= rö + 276 = 1.1314(0) + 2(—4.5255)(4) = —36.20 m/s? 


/ XF. = ma, —Ncecos 45° — 4.905 cos 45° = 0.5(—36.204) 


+\3K = mag, Foa — Nesin 45° — 4.905 sin 45° = 0.5(—36.204) 
Nc = 20.7N 
Foa =0 
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13-111. 


A 0.2-kg spool slides down along a smooth rod. 

If the rod has a constant angular rate of rotation 

0 = 2 rad/s in the vertical plane, show that the equations of 

motion for the spool are 7 — 4r — 9.81sin@ = 0 and 

0.87 + N, — 1.962 cos 0 = 0, where N, is the magnitude of 

the normal force of the rod on the spool. Using the 6 =2rad/s \ 
methods of differential equations, it can be shown that r 
the solution of the first of these equations is 

r = Cie ™ + Ce” — (9.81/8) sin 2t. If r, 7, and 0 are 

zero when ź = 0, evaluate the constants C; and C, to 

determine r at the instant 0 = 7/4 rad. 


SOLUTION 
Kinematic: Here, 0. = 2 rad/s and 6=0. Applying Eqs. 12-29, we have 


a, =F ree =F (2) =F 4r 


OZ (9B!) =/-962N 


270 = r(0) + 27(2) = 4 
Equation of Motion: Applying Eq. 13-9, we have 
= ma,; 1.962 sin 0 = 0.2(7 — 4r) 
r — 4r — 9.81 sin @ = 0 (Q.E.D.) 
1.962 cos@ — N, = 0.2(4r) 


0.87 + N, — 1.962 cos 0 = 0 (Q.E.D.) (2) 


6 1 
Since 8. = 2 rad/s, then J 0 = [ 2dt, 0 = 2t. The solution of the differential 
0 0 


equation (Eq.(1)) is given by 


; = 9.81 
r= —2Cye* + 20, e” — i cos 2t 


Att = 0,r = 0. From Eq.(3) 0 = Cy (1) + C (1) — 0 


9.81 
Att = 0,} = 0. From Eq.(4) 0 = -2 C, (1) + 2C, (1) — = 


Solving Eqs. (5) and (6) yields 


9.81 


Ci 16 2? 16 


Thus, 
9.81 a 9.81 5, 981 
e 


16 + 16° 3 sin 2t 


9.81 [~e 7 +e 
3 2 sin 2t 


r= 


9.81 
g (sin h 2t — sin 2t) 


9.81 
8 


Ato =2t= i (sin hy sin 73) = 0.198 m . Ans: 


r = 0.198 m 


355 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*13-112. 


The pilot of an airplane executes a vertical loop which in part 
follows the path of a “four-leaved rose,” r = (—600 cos 26) ft, 
where 0 is in radians. If his speed at A is a constant 
vp = 80 ft/s, determine the vertical reaction the seat of the 
plane exerts on the pilot when the plane is at A. He weighs r =—600 cos 20 
130 lb. Hint: To determine the time derivatives necessary to 
compute the acceleration components a, and dg, take the first 
and second time derivatives of r = 400(1 + cos 8). Then, for 
further information, use Eq. 12-26 to determine 0. Also, take 
the time derivative of Eq. 12-26, noting that vc = 0, to 
determine 0. 


SOLUTION 
r = —600 cos 20 + = 1200sin200  ¥ = 1200(2 cos 2067 + sin 200) 


At @ = 90° 
r = —600 cos 180° = 600 ft > = 1200 sin 180°% = 0 
7 = 1200(2 cos 180°? + sin 180°9) = —24006" 


v}= r=0 v= r0 = 6000 


80? = 0? + (6006)? — @ = 0.1333 rad/s 


¥ = —2400(0.1333)? = —42.67 ft/s? 


a, = ¥ — r? = —42.67 — 600(0.1333)? = —53.33 ft/s? 


130 
+t SF, = ma,; N — 130 = a a 53.33) N = 85.3 1b 


Ans: 
N = 85.3 lb 
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13-113. 


The earth has an orbit with eccentricity e = 0.0167 around the 
sun. Knowing that the earth’s minimum distance from the 
sun is 146(10°) km, find the speed at which the earth travels 
when it is at this distance. Determine the equation in polar 
coordinates which describes the earth’s orbit about the sun. 


SOLUTION 


k 1 
G where C = — 


— GMs 


e 


GM; (e + 1) 
vo = To 


‘ eyi 80) (0. + 
= q@ O PU a = 30409 m/s = 30.4 km/s Ans. 
146(10°) 


1 GMs GM 
= (1 Z eos } s 


XI 
ro ro VO rovo 


1 ( 6673009000) _ 66.73(107"°)(1.99)(10%) 
146(10°) 151.3(10°)(30409) [146(10°) |? (30409)? 


1 
= 0.348(107!") cos 0 + 6.74(107 1”) 
E 


Ans. 


Ans: 
vo = 30.4 km/s 


L _ 0.348 (10?) cos @ + 6.74 (107!7) 


r 
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13-114. 


A communications satellite is in a circular orbit above the 
earth such that it always remains directly over a point on 
the earth’s surface. As a result, the period of the satellite 
must equal the rotation of the earth, which is approximately 
24 hours. Determine the satellite’s altitude h above the 
earth’s surface and its orbital speed. 


SOLUTION 


The period of the satellite around the circular 
r=h+tr = [a + 6.378(10°) | m is given by 


ZTro 


Vs 
2a|h + 6.378(10°)| 
24(3600) = 
Us 
2n|h + 6.378(10°) 
86.4(10°) 


orbit 


of radius 


(69) 


The velocity of the satellite orbiting around the circular orbit of radius 


rn=h+tr = [h + 6.378(10°) | m is given by 


Sa eno 
Us = 


h + 6.378(10°) 
Solving Eqs.(1) and (2), 


h = 35.87(10°) m = 35.9 Mm 


358 


vs = 3072.32 m/s = 3.07 km/s Ans. 


Ans: 
h = 35.9 mm 
v, = 3.07 km/s 
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13-115. 


The speed of a satellite launched into a circular orbit 
about the earth is given by Eq. 13-25. Determine the 
speed of a satellite launched parallel to the surface of 
the earth so that it travels in a circular orbit 800 km 
from the earth’s surface. 


SOLUTION 
For a 800-km orbit 


ooon 
= (800 + 6378)(10°) 


= 7453.6 m/s = 7.45 km/s 
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Ans: 
vo = 7.45 km/s 
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*13-116. 


The rocket is in circular orbit about the earth at an altitude 
of 20 Mm. Determine the minimum increment in speed it 
must have in order to escape the earth’s gravitational field. 


SOLUTION 


The speed of the rocket in circular orbit is 


66.73(10-'?)| 5.976(10**) | 
Ve = = 3888.17 m/s 
20(10°) + 6378(10%) 


To escape the earth’s gravitational field, the rocket must enter the parabolic trajectory, 


which require its speed to be 


5 12 24 
aes qe [ 66.73(10-”) | [5.976(10*)] _ 5498.70 m/s 
a + 6378( 103) 


The required increment in speed is 


Av = Ve — Ve = 5498.70 — 3888.17 
= 1610.53 m/s 


= 1.61(10*) m/s 
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Ans: 
Av = 1.61(10°) m/s 
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13-117. 


Prove Kepler’s third law of motion. Hint: Use Eqs. 13-19, 
13-28, 13-29, and 13-31. 


SOLUTION 
From Eq. 13-19, 


For 6 = 0° and 6 


GM, 


a 


Eliminating C, from Eqs. 13-28 and 13-29, 


2a 2GM, 


P PR 


From Eq. 13-31, 
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13-118. 


The satellite is moving in an elliptical orbit with an eccentricity 
e = 0.25. Determine its speed when it is at its maximum 
distance A and minimum distance B from the earth. 


SOLUTION 


re Ch? 
GM, 


1 GM, 
where C = —| 1 — and h = ro Up. 


ro rv 


where rọ = r, = 2(10°) + 6378(10°) = 8.378(10°) m. 


eae +1) 
UB = Uo = 


z = 7713 m/s = 7.71 km/s 
8.378(10°) 


8.378(10°) 
_ 1 2(66.73)(107')(5.976)(10"4) 
8.378(10°)(7713) 
_ 8.378(10°) 
13.96(10°) 


= 13.96(10°) m 


(7713) = 4628 m/s = 4.63 km/s 


Ans: 
vg = 7.71 km/s 
va = 4.63 km/s 
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13-119. 


The rocket is traveling in free flight along the elliptical orbit. 
The planet has no atmosphere, and its mass is 0.60 times that 
of the earth. If the rocket has the orbit shown, determine the 
rocket’s speed when it is at A and at B. 


SOLUTION 
Applying Eq. 13-27, 
Tp 
ra = 
(2GM/r,v,) — 1 
2GM 
zl 
Tp Up 
2GM pt Ta 


V 


2 
Tp Up Fa 


» = | 20Mn 
pP Tp(lp + Ta) 


The elliptical orbit has r, = 7.60(10°) m, rg = 18.3(10°) m and Up 


— pee) [ 0.6(5.976) (104) ] [ 18.3(10°) ] 
7.60( 10°) [ 7.60(10°) + 18.3(10°) | 
= 6669.99 m/s = 6.67(10°) m/s 
In this case, 
h = 1,04 = qdp 


7.60(10°) (6669.99) = 18.3(10°) vg 
vg = 2770.05 m/s = 2.77(10°) m/s 
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Ans: 
va = 6.67(10°) m/s 
vg = 2.77(10°) m/s 
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*13-120. 
Determine the constant speed of satellite S so that it 


circles the earth with an orbit of radius r = 15 Mm. Hint: 
Use Eq. 13-1. 


SOLUTION 


= |G" = J 66.73107) (a oe = 5156 m/s = 5.16 km/s 


Ans: 
v = 5.16 km/s 
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13-121. 


The rocket is in free flight along an elliptical trajectory A’ A. 
The planet has no atmosphere, and its mass is 0.70 times that 
of the earth. If the rocket has an apoapsis and periapsis as 
shown in the figure, determine the speed of the rocket when 
it is at point A. 


SOLUTION 


ro 


(2 GM/ro v)-1 


Central-Force Motion: Use r, = „with ro = rp = 6(10°) m and 


M = 0.70M., we have 


9(108) = 6(10)° 
2(66.73) (10-'*) (0.7) [5.976(104)] 
ane 
v4 = 7471.89 m/s = 7.47 km/s 


Ans: 
va = 7.47 km/s 
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13-122. 


The Viking Explorer approaches the planet Mars on a 
parabolic trajectory as shown. When it reaches point A its 
velocity is 10 Mm/h. Determine rp and the required velocity 
at A so that it can then maintain a circular orbit as shown. 
The mass of Mars is 0.1074 times the mass of the earth. 


SOLUTION 


When the Viking explorer approaches point A on a parabolic trajectory, its velocity 
at point A is given by 


2GM m 


ro 


2(66.73)(107 '”)| 0.1074(5.976)(10% 
[rong aa) ~ mee eee 


VA > 


ro = 11.101(10°) m = 11.1 Mm Ans. 


When the explorer travels along a circular orbit of rọ = 11.101(10°) m, its velocity is 


y= [Om - << .73(10— | 0. [0.1074(5. 976)(10*4) 
11.101(10°) 
= 1964.19 m/s 


Thus, the required sudden decrease in the explorer’s velocity is 


Avy, = VA T Var 


= = 100109( 545) — 1964.19 


= 814 m/s 


Ans: 
ro = 11.1 Mm 
Av, = 814 m/s 
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13-123. 


The rocket is initially in free-flight circular orbit around the 
earth. Determine the speed of the rocket at A. What change 
in the speed at A is required so that it can move in an 
elliptical orbit to reach point A’? 


SOLUTION 


The required speed to remain in circular orbit containing point A of which 
ro = 8(10°) + 6378(107) = 14.378(10°) m can be determined from 


GM, 
ro 
_ ,{ [ss730.0) [5.976(10°4) 
14.378(10°) 
= 5266.43 m/s = 5.27(10°) m/s Ans. 
To more from A to A’, the rocket has to follow the elliptical orbit with rp = 8(10°) 


+ 6378(10°) = 14.378(10°) m and r, = 19(10°) + 6378(10°) = 25.378(10°) m. The 
required speed at A to do so can be determined using Eq. 13-27 


(vale = 


Tp 


fg = 2 
(2GM,/r,v7) -1 


2GM, 


2 
TpVp 
2GM, 
<= 


TpVp 


i= 2GM.r, 
p Vr t ta) 


Here, v, = (V4). Then 
igre pcre i ee Ie 
14.378(10°) [14.378(10°) + 25.378(10°) | 
= 5950.58 m/s 
Thus, the required change in speed is 
Av = (a)e — (va): = 5950.58 — 5266.43 = 684.14 m/s = 684m/s Ans. 


(2) 
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Ans: 
(v4)c = 5.27(10°) m/s 
Av = 684 m/s 
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*13-124. 


The rocket is in free-flight circular orbit around the earth. 
Determine the time needed for the rocket to travel from the 
inner orbit at A to the outer orbit at A’. 


SOLUTION 


To move from A to A’, the rocket has to follow the elliptical orbit with 
ry = 8(10°) + 6378(10°) = 14.378(10°)m and r, = 19(10°) + 6378(10°) 
= 25.378(10°) m. The required speed at A to do so can be determined using Eq. 13-27 


Tp 


~ (2GM,/rpv?) -1 
2GM, 
== 1 = — 


vs lq 


Fa 


P 

Tp 

2GM. Fp + Ta 
v2 f 


pvp a 


2GMra 
v, = | ——— 
p Flip + Fa) 


Here, v, = v4. Then 


[ 66.73( 107") ][ 5.976( 10%) ] [25.378( 10°) | 
a 14.378(106)[14.378(106) + 25.378(10°) | 


= 5950.58 m/s 


h = var, = 5950.58[14.378(106)] = 85.5573(10°) m?/s 


The period of this elliptical orbit can be determined using Eq. 13-31. 


T= Ro + Fa) V pla 


ssn t4380) + 25.378(10°)] V [1437800 ]|2537800°)] 


27.885(10°) s 
Thus, the time required to travel from A to A’ is 


T 27.885(10°) 
2 2 


= 13.94(10°) s = 3.87h 
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13-125. 


A satellite is launched with an initial velocity 
Up = 2500 mi/h parallel to the surface of the earth. 
Determine the required altitude (or range of altitudes) 
above the earth’s surface for launching if the free-flight 
trajectory is to be (a) circular, (b) parabolic, (c) elliptical, 
and (d) hyperbolic. Take G = 34.4(10°°)(Ib- ft) /slug?, 
M, = 409(107!) slug, the earth’s radius r, = 3960 mi, and 
1 mi = 5280 ft. 


SOLUTION 
Vp = 2500 mi/h = 3.67(10°) ft/s 


2 
h 
e= Gwe orC =0 


GM, 
1= 


GM, = 34.4(10~°)(409)(107!) 
14.07(10!°) 


_ GM. 14.07(10%) 1,046(10%) ft 
OR Boao 


1.047(10°) 
~ 5280 


3960 = 194(10°) mi 


Ch 
GM. 


1 1 GM, 
i a(t- S) -1 
e ro ro vg 


2GM,  2(14.07)(10") 
vå [3.67(10°)}? 


ro = 2.09(10°) ft = 396(10°) mi 


r = 396(10°) — 3960 = 392(10°) mi 


e<1 


194(10°) mi < r < 392(10°) mi 
e>1 


r > 392(10°) mi 


Ans: 

(a) r = 194 (10°) mi 

(b) r = 392 (10°) mi 

(c) 194 (10°) mi < r < 392 (10°) mi 
(d) r > 392 (10°) mi 
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13-126. 

The rocket is traveling around the earth in free flight along 
the elliptical orbit. If the rocket has the orbit shown, 
determine the speed of the rocket when it is at A and at B. 


SOLUTION 
Here r, = 20(10°) m and r, = 30(10°) m. Applying Eq. 13-27, 


Tp 


B (2GM,/r;v2) — 1 


2GM, 


2 
pp 


2GM, "pt Ta 


2 
TpUp Fa 


| 2GMra 
Vv = = 
= PAS, + ra) 


Here v, = v4. Then 


7 E [5.976(10%)] [30(106)] 


20(10°) [20(10°) + 30(106)] 
= 4891.49 m/s = 4.89(10°) m/s 


For the same orbit A is constant. Thus, 
h = pp = Tava 
[ 20(10°)] (4891.49) = [30(10°)] vz 


vg = 3261.00 m/s = 3.26(10°) m/s 


Ans: 
va = 4.89(10°) m/s 
vg = 3.26(10°) m/s 
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13-127. 


An elliptical path of a satellite has an eccentricity 
e = 0.130. If it has a speed of 15 Mm/h when it is at perigee, 
P, determine its speed when it arrives at apogee, A. Also, 
how far is it from the earth’s surface when it is at A? 


SOLUTION 
0.130 


= v = 15 Mm/h = 4.167 km/s 


E j GM, (#2) 
GM, 1 rav /\GM, 


= rovĝ 1 
GM, 


2) 
rovo 

= e+1 
GM, ° 


_ (e+ 1)GM. 


v 


E 1.130(66.73) (107) (5.976)(10%*) 
[4.167(10°) }? 
= 25.96 Mm 


GM. 1 
ror eti 


A 
rowo 
role + 1) 
aan coe 


25.96(10°) (1.130) 
0.870 


33.71(10°) m = 33.7 Mm 


Voro 
TA 
15(25.96)(10°) 
7 33.71(10°) 
11.5 Mm/h 
33.71(10°) — 6.378(10°) 


= 27.3 Mm 


371 


Ans: 
va = 11.5 Mm/h 
d = 27.3 Mm 
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*13-128. 


A rocket is in free-flight elliptical orbit around the planet 
Venus. Knowing that the periapsis and apoapsis of the orbit 
are 8 Mm and 26 Mm, respectively, determine (a) the speed 
of the rocket at point A’, (b) the required speed it must 
attain at A just after braking so that it undergoes an 8-Mm 
free-flight circular orbit around Venus, and (c) the periods 
of both the circular and elliptical orbits. The mass of Venus 
is 0.816 times the mass of the earth. 


SOLUTION 
a) 


M, = 0.816(5.976(10"4)) = 4.876(107*) 


26(10)° 


g = 
8(10°)v, 


81.35(10°) 


vA 


= 1.307 


va = 7887.3 m/s = 7.89 km/s 


OAv,  8(10°)(7887.3) 
va = = = 2426.9 m/s = 2.43 m/s 
A= DA 26(10°) / / 


ye my 73(10~!2)4.876(107*) 
Oa" 8(10°) 


va” = 6377.7 m/s = 6.38 km/s 


c) 
Circular orbit: 


7 = 270A 278(10°) 
ET Ty 6377.7 


= 7881.41 s = 2.19 h 


Elliptic orbit: 


I= 


D o T \ 6 6 
v a + OA')V(OA)(OA') ae + 26)(10°)(-V(8)(26))( 10°) 


T, = 24414.2s = 6.78 h Ans. 


Ans: 

v4 = 2.43 m/s 
var = 6.38 km/s 
T, = 2.19h 

T, = 6.78h 
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13-129. 


The rocket is traveling in a free flight along an elliptical 
trajectory A'A. The planet has no atmosphere, and its mass 
is 0.60 times that of the earth. If the rocket has the orbit 
shown, determine the rocket’s velocity when it is at point A. 


SOLUTION 
Applying Eq. 13-27, 


Tp 


7 (2GM/r,v3) — 1 


Fa 


2GM__'» 
2 
TpUp Ya 


2GM _ "pt Ta 


2 
TpUp Ya 


| 2GMr, 
v, = , | —— 4 
p AC + ra) 


The rocket is traveling around the elliptical orbit with r, = 70(10°) m, r, = 100(10°) m 
and v, = va. Then 


7 T [66.73(10!?)][0.6(5.976) (10%)] [100(106)] 


70(10°) [70(10°) + 100(106)] 


= 2005.32 m/s = 2.01(10°) m/s 


Ans: 
va = 2.01(10*) m/s 
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13-130. 


If the rocket is to land on the surface of the planet, 
determine the required free-flight speed it must have at A’ 
so that the landing occurs at B. How long does it take for 
the rocket to land, going from A’ to B? The planet has no 
atmosphere, and its mass is 0.6 times that of the earth. 


SOLUTION 
Applying Eq. 13-27, 


Tp 


G (2GM/rv}) — 1 


Tp 


— 1 = — 


Fa 


Fp + Ta 


Fa 


| 2GMr, 
ü= 4) > 
á tolr F ra) 
To land on B, the rocket has to follow the elliptical orbit A’B with r, = 6(10°), 
ra = 100(10°) m and Up = Up. 


7 esi lossah] 


6(10°) [6(10°) + 100(10°)] rene? 


In this case 
h = rwg = ra 
6(10°) (8674.17) = 100(10°) v4. 
va = 520.45 m/s = 521 m/s 
The period of the elliptical orbit can be determined using Eq. 13-31. 


T= ae + rq) VI pKa 


7 ae) [6(10°) + 100(10°)] V [6(10°) |[100(10°) 


= 156.73(10°) s 


Thus, the time required to travel from A’ to B is 


t= - = 78.365(10°) s = 21.8 h 
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13-131. 


The rocket is traveling around the earth in free flight along 
an elliptical orbit AC. If the rocket has the orbit shown, 
determine the rocket’s velocity when it is at point A. 


SOLUTION 
For orbit AC, r, = 10(10°) m and r, = 16(10°) m. Applying Eq. 13-27 


Tp 


7 (2GM,/r,v3) — 1 


2GM, 


pi 
TpVp 


2GM., 


2 
TpUp 


| 2GM.r, 
= of —— 
p ane F ra) 


Fa 


Here v, = v4. Then 


7 e [5.976(10%)] [16(106)] 


10(10°) [10(10°) + 16(10°)] 


= 7005.74 m/s = 7.01(107) m/s 
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Ans: 
va = 7.01(10*) m/s 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*13-132. 


The rocket is traveling around the earth in free flight along 
the elliptical orbit AC. Determine its change in speed when 
it reaches A so that it travels along the elliptical orbit AB. 


SOLUTION 
Applying Eq. 13-27, 

Tp 
(2GM,/r,v;,) — 1 


Fa 


2GM, 


2 
FpUp 


2GM, 


r, wv 


P 


[| 2GMsr, 
EN E > 
P AG + rq) 


For orbit AC, r, = 10(10°) m,r, = 16(10°) m and Vp = (Va)ac. Then 


eae =f SRA SHH 


10(105) [10(10°) + 16(10°) | = 7005.74 m/s 


For orbit AB, r, = 8(10°) m, r, = 10(10°) m and Vp = vg. Then 


S aa [5.976( 107) ] [10( 10°) 


8(10°) [8(10°) + 10(10°)] 


= 7442.17 m/s 


Since A is constant at any position of the orbit, 
h = Fy = Tava 
8(10°) (7442.17) = 10(10°) (v4) 4B 
(vajag = 5953.74 m/s 
Thus, the required change in speed is 
Av = (va)ag — (Va)ac = 5953.74 — 7005.74 
—1052.01 m/s = —1.05 km/s 


The negative sign indicates that the speed must be decreased. 
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Ans: 
Av = —1.05 km/s 
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14-1. 


The 20-kg crate is subjected to a force having a constant 
direction and a magnitude F = 100 N. When s = 15 m, the 
crate is moving to the right with a speed of 8 m/s. Determine 
its speed when s = 25 m. The coefficient of kinetic friction 
between the crate and the ground is ug = 0.25. 


SOLUTION 


Equation of Motion: Since the crate slides, the friction force developed between the 
crate and its contact surface is Fy = uN = 0.25N. Applying Eq. 13-7, we have 


2(9.81) N 


+1 SF, = ma,; N +100 sin 30° — 20(9.81) = 20(0) 
N = 146.2 N 


Principle of Work and Energy: The horizontal component of force F which acts 
in the direction of displacement does positive work, whereas the friction force 
F; = 0.25(146.2) = 36.55 N does negative work since it acts in the opposite direction 
to that of displacement. The normal reaction N, the vertical component of force F 


and the weight of the crate do not displace hence do no work. Applying Eq.14-7, 
we have 


Tı + SÜ = T> 
25m 


1 
z COC 3 + | 100 cos 30° ds 


15m 


25m 1 
7 ie 36.55 ds = z (20)0° 
1 


5m 


v = 10.7 m/s 


Ans: 
v = 10.7m/s 
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14-2. 


For protection, the barrel barrier is placed in front of the 
bridge pier. If the relation between the force and deflection 
of the barrier is F = (90(10°)x/”) Ib, where x is in ft, 
determine the car’s maximum penetration in the barrier. 
The car has a weight of 4000 lb and it is traveling with a 
speed of 75 ft/s just before it hits the barrier. 


F = 90(10)° x! 


x (ft) 


SOLUTION 


Principle of Work and Energy: The speed of the car just before it crashes into the 
barrier is v, = 75 ft/s. The maximum penetration occurs when the car is brought to a 
stop, i.€., V2 = 0. Referring to the free-body diagram of the car, Fig. a, W and N do no 
work; however, F, does negative work. 


Tı + XU 1_> = T 

1/4000 Ymax 

( Jas) | | 90(10°)x!/7dx | = 0 
0 


2\ 32.2 
Xmax = 3.24 ft 


max 
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Ans: 
Xmax = 3.24 ft 
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14-3. 


The crate, which has a mass of 100 kg, is subjected to the 
action of the two forces. If it is originally at rest, determine 
the distance it slides in order to attain a speed of 6 m/s. The 
coefficient of kinetic friction between the crate and the 
surface is ug = 0.2. 


SOLUTION 


Equations of Motion: Since the crate slides, the friction force developed between 800N 100(9-B1) N 
the crate and its contact surface is Fy = uz, N = 0.2N. Applying Eq. 13-7, we have 


30%. 


3 
ale eae = may; N+ 1000(2) — 800 sin 30° — 100(9.81) = 100(0) 


N = 781N 


Principle of Work and Energy: The horizontal components of force 800 N and 
1000 N which act in the direction of displacement do positive work, whereas the 
friction force Fy = 0.2(781) = 156.2N does negative work since it acts in the 
opposite direction to that of displacement. The normal reaction N, the vertical 
component of 800 N and 1000 N force and the weight of the crate do not displace, 
hence they do no work. Since the crate is originally at rest, T4 = 0. Applying 
Eq. 14-7, we have 


Tı + XU = T, 


4 1 
0 + 800 cos 30°(s) 4 ooo( $s 156.25 = 5 (100)(67) 


s = 1.35m 
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*14-4, 


The 100-kg crate is subjected to the forces shown. If it is 
originally at rest, determine the distance it slides in order to 
attain a speed of v = 8m/s. The coefficient of kinetic 
friction between the crate and the surface is ug = 0.2. 


SOLUTION 


Work. Consider the force equilibrium along the y axis by referring to the FBD of 
the crate, Fig. a, 


+12F =0; N + 500sin 45° — 100(9.81) — 400 sin 30° = 0 
N = 827.45N 


Thus, the friction is Fy = uN = 0.2(827.45) = 165.49 N. Here, F, and F, do positive 
work whereas F; does negative work. W and N do no work 


Up, = 400 cos 30° s = 346.41 s 

Up, = 500 cos 45° s = 353.55 s 
Up, = —165.49 s 
Principle of Work And Energy. Applying Eq. 14-7, 
T + $U = Th 


1 
0 + 346.41 s + 353.55 s + (—165.49 s) = z CS) 


s = 5.987 m = 5.99 m 


W=/00(GBI)N F=400N 
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14-5. 


Determine the required height h of the roller coaster so that 

when it is essentially at rest at the crest of the hill A it will 

reach a speed of 100 km/h when it comes to the bottom B. 

Also, what should be the minimum radius of curvature p for 

the track at B so that the passengers do not experience a 

normal force greater than 4mg = (39.24m) N? Neglect the aN VN 
size of the car and passenger. A | X 
SOLUTION x 


100 k: pe OO aa 
m/h = z0 2 m/s 


T +202 


1 
0 + m(9.81)h = z” (27.1187 


h = 39.3 m 
(27.778) 
+ T2F, = ma,; 39.24m — mg = m 
Pp 


p = 26.2 m 


381 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


14-6. 


When the driver applies the brakes of a light truck traveling 
40 km/h, it skids 3 m before stopping. How far will the truck 
skid if it is traveling 80 km/h when the brakes are applied? 


SOLUTION 
40(10°) 


3600 
T+ 2U,.= Tf 


40 km/h = =1111m/s 80km/h = 22.22 m/s 


1 
zm)? — up mg(3) = 0 


ug = 20.576 
T + 2U;-2 = Th 


57m(22.22) — (20.576)m(d) = 0 


d=12m 


382 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


14-7. 


As indicated by the derivation, the principle of work and 
energy is valid for observers in any inertial reference frame. 
Show that this is so, by considering the 10-kg block which 
rests on the smooth surface and is subjected to a horizontal 
force of 6 N. If observer A is in a fixed frame x, determine the 
final speed of the block if it has an initial speed of 5 m/s and 
travels 10 m, both directed to the right and measured from 
the fixed frame. Compare the result with that obtained by an 
observer B, attached to the x’ axis and moving at a constant 
velocity of 2 m/s relative to A. Hint: The distance the block 
travels will first have to be computed for observer B before 
applying the principle of work and energy. 


SOLUTION 
Observer A: 


Tı +F =U j_> = T» 

1 2 1 2 
5005} + 6(10) = 57003 
v = 6.08 m/s 


Observer B: 
F = ma 


6=10a a= 0.6 m/s5’? 


5 S = So + wt + l 
2 


10=0+5t+ joo? 


Ê + 16.67t — 33.33 = 0 


t = 1.805 s 
Atv = 2m/s, s' = 2(1.805) = 3.609 m 
Block moves 10 — 3.609 = 6.391 m 


Thus 


Tı F 2 Ui-2 = T» 


Z006) + 6(6.391) = AO 


v, = 4.08 m/s 


Note that this result is 2 m/s less than that observed by A. 
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Ans: 
Observer A: v, = 6.08 m/s 
Observer B: v, = 4.08 m/s 
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*14-8. 


A force of F = 250 N is applied to the end at B. Determine 
the speed of the 10-kg block when it has moved 1.5 m, 
starting from rest. 


SOLUTION 
Work. with reference to the datum set in Fig. a, 
Sw + 2sp = 1 
bSy + 26sp = 0 (1) 


Assuming that the block moves upward 1.5 m, then 6Sy = —1.5 m since it is directed 
in the negative sense of Sj. Substituted this value into Eq. (1), 


—1.5 + 26s = 0 dsp = 0.75 m 
Thus, 
Up = F8Sp = 250(0.75) = 187.5] 
Uw = —WédSy = —10(9.81)(1.5) = —147.15 J 
Principle of Work And Energy. Applying Eq. 14-7, 
T, + Uj-2 = Th 


187.5 + (—147.15) O 


2.841 m/s = 2.84 m/s 
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w= /0G-6DN 
(2) 


Ans: 
v = 2.84m/s 
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14-9. 


The “air spring” A is used to protect the support B and 
prevent damage to the conveyor-belt tensioning weight C 
in the event of a belt failure D. The force developed by 
the air spring as a function of its deflection is shown by the 
graph. If the block has a mass of 20 kg and is suspended 
a height d = 0.4m above the top of the spring, determine 
the maximum deformation of the spring in the event the 
conveyor belt fails. Neglect the mass of the pulley and belt. 


SOLUTION 


Work. Referring to the FBD of the tensioning weight, Fig. a, W does positive 
work whereas force F does negative work. Here the weight displaces downward 
Sw = 0.4 + Xmax Where Xmax is the maximum compression of the air spring. Thus 
Uw = 20(9.81)(0.4 + Xmax) = 196.2(0.4 + Xmax) 

The work of F is equal to the area under the F-S graph shown shaded in Fig. b, Here 

F 1500 
— = ——;F = 7500%pax- Thus 
Xmax 0.2 


1 


Ur = T7 


(7500 Xmax) (Xmax) = 750 Xaag 


Principle of Work And Energy. Since the block is at rest initially and is required 
to stop momentarily when the spring is compressed to the maximum, 7, = D = 0. 
Applying Eq. 14-7, 


T, + $U = Th 
0 + 196.2(0.4 + Xmax) + (—3750x2ax) = 0 
3750xŽax — 196.2xXmax — 78.48 = 0 
Xmax = 0.1732 m = 0.173m < 0.2m (O.K!) 


W= 204-B0N 
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14-10. 


The force F, acting in a constant direction on the 20-kg 
block, has a magnitude which varies with the position s of 
the block. Determine how far the block must slide before its 
velocity becomes 15 m/s. When s = 0 the block is moving 
to the right at v = 6 m/s. The coefficient of kinetic friction 
between the block and surface is np, = 0.3. 


SOLUTION 


Work. Consider the force equilibrium along y axis, by referring to the FBD of the 
block, Fig. a, 


+135, = 0; N — 20(9.81)=0 N= 196.2N 


Thus, the friction is Fy = u N = 0.3(196.2) = 58.86 N. Here, force F does positive 
work whereas friction F, does negative work. The weight W and normal reaction N 


do no work. 
E 100 3 
Ur = fras- f sostas = 3 s2 
0 


Ur, = —58.86 s 
Principle of Work And Energy. Applying Eq. 14-7, 
T + LU,-2 = Tr 


00 3 
s2 
3 


1 1 
3(20)(6°) 


+ (—58.86s) = + (20)(15%) 


100 3 
3 s? — 58.86s — 1890 = 0 


Solving numerically, 


s = 20.52m = 20.5 m 
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s (m) 


W= 20481) N 
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14-11. 


The force of F = 50 N is applied to the cord when s = 2 m. 
If the 6-kg collar is orginally at rest, determine its velocity at 
s = 0. Neglect friction. 


SOLUTION |, id 


Work. Referring to the FBD of the collar, Fig. a, we notice that force F 


does positive work but W and N do no work. Here, the displacement of F is 


s = VZ + 1.5? — 1.5 = 100m F=50N 
Ur = 50(1.00) = 50.0J We6G8DN 


Principle of Work And Energy. Applying Eq. 14-7, 


T + LU. = Th 


0+ 50 = How 


4.082 m/s = 4.08 m/s 


Ans: 
v = 4.08 m/s 
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*14-12. 


Design considerations for the bumper B on the 5-Mg train 
car require use of a nonlinear spring having the load- 
deflection characteristics shown in the graph. Select the 
proper value of k so that the maximum deflection of the 
spring is limited to 0.2 m when the car, traveling at 4 m/s, 
strikes the rigid stop. Neglect the mass of the car wheels. 


SOLUTION 


1 0.2 
z(5000)(4)?— ks? ds = 0 
0 


3 
OD _ 


40 000 — 0 


k = 15.0 MN/m? 
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Ans: 
k = 15.0 MN/m 
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14-13. 


The 2-lb brick slides down a smooth roof, such that when it 
is at A it has a velocity of 5 ft/s. Determine the speed of the 
brick just before it leaves the surface at B, the distance d 
from the wall to where it strikes the ground, and the speed 
at which it hits the ground. 


SOLUTION 


TA F DU yp = Tp 


p (553 )O* +209 = 3 (332) 


vg = 31.48 ft/s = 31.5 ft/s 


(+) S = So + Vot 
4 
d = 0 + 31.48| = 
(5) 


(+1) S = So t wt- 56 


3 1 
0 = 0 + 31.48 t + = (32.2) 
3 3 (2) 1 (32.2) 
16.117 + 18.888t — 30 = 0 


Solving for the positive root, 


t = 0.89916 s 


d= 31.48( £)(0.89916) = 22.6 ft 


Ta + LU a-c = Tc 


Ge + 2(45) = s(s5) 2 


Uc = 54.1 ft/s 
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Ans: 

UR = 31.5 ft/s 
d = 22.6ft 
Uc = 54.1 ft/s 
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14-14. 


Block A has a weight of 60 Ib and block B has a weight of 
10 lb. Determine the speed of block A after it moves 5 ft 
down the plane, starting from rest. Neglect friction and the 
mass of the cord and pulleys. 


SOLUTION 


2s4 + spl 
2 As, + Asg = 0 
2v4 + Vg = 0 


T+ 2U,-. n 


ofo 10(10) 


va = 7.18 ft/s 
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Ans: 
va = 7.18 ft/s 
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14-15. 


The two blocks A and B have weights W, = 60 lb and 
W g = 10 1b. If the kinetic coefficient of friction between the 
incline and block A is u% = 0.2, determine the speed of A 
after it moves 3 ft down the plane starting from rest. Neglect 
the mass of the cord and pulleys. 


SOLUTION 


Kinematics: The speed of the block A and B can be related by using position 
coordinate equation. 


sa + (s4 — Sz) =1 254 — Sp=l 
2As, — Asp =0 Asg = 2As, = 2(3) = 6ft 
204 — Vg = 0 


Equation of Motion: Applying Eq. 13-7, we have 


+2 Fy = ma 


yi NO o($) = i N = 48.0 1b 


5 32.2 


Principle of Work and Energy: By considering the whole system, W 4 which acts in 
the direction of the displacement does positive work. W g and the friction force 
Fy = uN = 0.2(48.0) = 9.60 Ib does negative work since they act in the opposite 
direction to that of displacement Here, W , is being displaced vertically (downward) 
ss a and Wg is being displaced vertically (upward) Asp. Since blocks A and B are 
at rest initially, 7, = 0. Applying Eq. 14-7, we have 


Tı + XU — T> 


3 1 1 
0+ wa( Zasa) — FjAsa — WzAsz = mara + ame VR 


3 1/ 60 1/ 10 
ol 3 J — 9.60(3) — 10(6) = HE) ! (10 


1236.48 = 60v% + 10v} 
Eqs. (1) and (2) yields 
va = 3.52 ft/s 


Vg = 7.033 ft/s 
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Ans: 
va = 3.52 ft/s 
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*14-16. 
A small box of mass ™ is given a speed of v = V qr at the 


top of the smooth half cylinder. Determine the angle 6 at 
which the box leaves the cylinder. 


SOLUTION 


Principle of Work and Energy: By referring to the free-body diagram of the block, 
Fig. a, notice that N does no work, while W does positive work since it displaces 
downward though a distance of h = r — rcos 6. 


Ti + XU]i-2 — T 


2 


: G )- T eee 
z” 48 + mg(r -r 5 mv 


Equations of Motion: Here, a, = 
referring to Fig. a, 


9 
mg cos — N = m| e(? = 2050) | 


9 
N= me( 30s = 2) 


It is required that the block leave the track. Thus, N = 0. 
9 
0 = mg|3 0- =- 
me( cos 2) 
Since mg # 0, 
9 
3 0--=0 
cos 4 


0 = 41.41° = 41.4° 
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14-17. 


If the cord is subjected to a constant force of F = 30 lb and 
the smooth 10-lb collar starts from rest at A, determine its 
speed when it passes point B. Neglect the size of pulley C. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the collar and cord system at an 
arbitrary position is shown in Fig. a. 


Principle of Work and Energy: By referring to Fig. a, only N does no work since it 
always acts perpendicular to the motion. When the collar moves from position A to 
position B, W displaces upward through a distance h = 4.5 ft, while force F displaces a 


distance of s = AC — BC = V6? + 4.5 — 2 = 5.5 ft. The work of F is positive, 
whereas W does negative work. 


Ta + 2Uy4-3= Tp 


0 + 30(5.5) + [-10(4.5)] = i( 


vg = 27.8 ft/s 


Ans: 
Ug = 27.8 ft/s 


393 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


14-18. 


When the 12-lb block A is released from rest it lifts the two 
15-lb weights B and C. Determine the maximum distance 
A will fall before its motion is momentarily stopped. 
Neglect the weight of the cord and the size of the pulleys. 


SOLUTION 

Consider the entire system: 

re Vere 

T + 2U,_-2 = Th 

(0 + 0) + 12y — 2(15)( Vy? + 4 
0.4y = Vy? + 16-4 


(0.4y + 4)? =y + 16 


0.84y* + 3.20y + 16 = 16 
—0.84y + 3.20 = 0 
y = 3.81 ft 
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14-19, 


If the cord is subjected to a constant force of F = 300N 
and the 15-kg smooth collar starts from rest at A, determine 
the velocity of the collar when it reaches point B. Neglect 
the size of the pulley. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the collar and cord system at an 
arbitrary position is shown in Fig. a. 

Principle of Work and Energy: Referring to Fig. a, only N does no work since it 
always acts perpendicular to the motion. When the collar moves from position A to 
position B, W displaces vertically upward a distance h = (0.3 + 0.2)m = 0.5m, 
while force F displaces a distance of s= AC — BC = V0.7 + 0.47 


V0.2? + 0.2? = 0.5234 m. Here, the work of F is positive, whereas W does 
negative work. 


Ta F XU,4-B = Tg 

1 
0 + 300(0.5234) + [—15(9.81)(0.5)] = 3 (15)u," 
Vg = 3.335 m/s = 3.34 m/s 


W=/5G-8)N 
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Ans: 
Ug = 3.34m/s 
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*14-20. 


The crash cushion for a highway barrier consists of a nest of 
barrels filled with an impact-absorbing material. The barrier 
stopping force is measured versus the vehicle penetration 
into the barrier. Determine the distance a car having a 
weight of 4000 Ib will penetrate the barrier if it is originally 
traveling at 55 ft/s when it strikes the first barrel. 


WwW 
ion 


N 
N 


m 
o0 


SOLUTION 
Ti + 5U = T, 


\o 


Barrier stopping force (kip) 


— l 
2 5 10 25 
Vehicle penetration (ft) 


© 


1 (a 
2 \ 32.2 


Josr Area = 0 


Area = 187.89 kip- ft 


2(9) + (5 — 2)(18) + x(27) = 187.89 
x = 4.29 ft < (15 — 5) ft 
Thus 


s = 5ft + 4.29 ft = 9.29 ft 
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14-21. 


Determine the velocity of the 60-lb block A if the two 
blocks are released from rest and the 40-lb block B moves 
2 ft up the incline. The coefficient of kinetic friction 
between both blocks and the inclined planes is ug = 0.10. 


SOLUTION 

Block A: 

+NIF, = may; N 4 — 60 cos 60° = 0 
N4 = 301b 
F4 = 0.1(30) = 3 lb 


Block B: 


FAXE = may; Np — 40 cos 30° = 0 


Np = 34.64 lb 


Fg = 0.1(34.64) = 3.464 Ib 


Use the system of both blocks. N 4, Ng, T, and R do no work. 
Tı + XU — T 


1 
(0 + 0) + 60 sin 60°|As4| — 40 sin 30°|Asz| — 3|Asa|-3.464ļAsz| = 5 


2s4 + Spal 

2As, = —ASpg 

When |As,| = 2 ft, |As4| = 1 ft 
Also, 

2v4 = —UB 

Substituting and solving, 

va = 0.771 ft/s 


vg = —1.54 ft/s 


Ans: 
va = 0.771 ft/s 


397 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


14-22. 


The 25-lb block has an initial speed of vg = 10 ft/s when it 


is midway between springs A and B. After striking spring B, ka = 10 Ib/in. 


it rebounds and slides across the horizontal plane toward 
spring A, etc. If the coefficient of kinetic friction between 
the plane and the block is uw, = 0.4, determine the total 


distance traveled by the block before it comes to rest. 


SOLUTION 


Principle of Work and Energy: Here, the friction force F; = mg N = 0.4(25) = 
10.0 1b. Since the friction force is always opposite the motion, it does negative work. 
When the block strikes spring B and stops momentarily, the spring force does 
negative work since it acts in the opposite direction to that of displacement. 
Applying Eq. 14-7, we have 


Tı F X U2 = T> 


5 
(ao) 00 10(1 + s1) 5 (60)s3 =i6 


sı = 0.8275 ft 
Assume the block bounces back and stops without striking spring A. The spring 
force does positive work since it acts in the direction of displacement. Applying 


Eq. 14-7, we have 


T> + Xü = T3 


1 
0 + 5 (60)(0.82757) — 10(0.8275 + s2) = 0 


sy = 1.227 ft 


Since s, = 1.227 ft < 2 ft, the block stops before it strikes spring A. Therefore, the 
above assumption was correct. Thus, the total distance traveled by the block before 
it stops is 


Sto = 25, + s2 + 1 = 2(0.8275) + 1.227 + 1 = 3.88 ft Ans. 
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Ans: 
Stot = 3.88 ft 
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14-23. 


The 8-kg block is moving with an initial speed of 5 m/s. If 
the coefficient of kinetic friction between the block and 
plane is u = 0.25, determine the compression in the spring 
when the block momentarily stops. 


SOLUTION 


Work. Consider the force equilibrium along y axis by referring to the FBD of the 
block, Fig. a 


+3, = 0; N — 8(9.81)=0 N=7848N 


Thus, the friction is F = mN = 0.25(78.48) = 19.62 N and Fp = kx = 200x. 
Here, the spring force F, and F; both do negative work. The weight W and normal 
reaction N do no work. 


sp 


Up = a 200 x dx = —100 x? 
0 
Up, = —19.62(x + 2) 


Principle of Work And Energy. It is required that the block stopped momentarily, 
T, = 0. Applying Eq. 14-7 


T, + > U,-2 = Th 


3(8)() + (—100x?) + [-19.62(x + 2)] = 0 


100x? + 19.62x — 60.76 = 0 


Solved for positive root, 


x = 0.6875 m = 0.688 m 
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k4 = 200 N/m 
5 m/s = 
—— 
Bi 


E 


W/=8CPBUN 


Ans: 
x = 0.688 m 
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*14-24, 


At a given instant the 10-lb block A is moving downward 
with a speed of 6 ft/s. Determine its speed 2 s later. Block B 
has a weight of 4 lb, and the coefficient of kinetic friction 
between it and the horizontal plane is ug = 0.2. Neglect the 
mass of the cord and pulleys. 


SOLUTION 


Kinematics: The speed of the block A and B can be related by using the position 
coordinate equation. 


sa + (S4 — Sp) =l 2s4— sg =l 
2As, = Asp =0 Asp = 2As, 
vg = 2v4 


Equation of Motion: 


4 
+2 Fy = may; Naas, 


(0) Nz = 4.00 Ib 

Principle of Work and Energy: By considering the whole system, W 4, which acts 
in the direction of the displacement, does positive work. The friction force 
Fr = uk Ng = 0.2(4.00) = 0.800 Ib does negative work since it acts in the opposite 
direction to that of displacement. Here, W4 is being displaced vertically 
(downward) As 4. Applying Eq. 14-7, we have 


Ti +F XU = T 


ma (v4), + aa (vbo + W4As4 — FyAse 


1 1 
= 5Mava + 5Mp Vp [3] 


From Eq. [1], (va) = 2(v4)o = 2(6) = 12 ft/s. Also, Asa fee "alo = 


(va) + va = 6 + vy and Asg = 2As, = 12 + 2v4 (Eq. [2]). Substituting these 
values into Eq. [3] yields 


1/ 10 1/4 
(aa) i ( : + 10(6 + va) 0.800(12 + 2v4) 


v4 = 26.8 ft/s 


Ans: 
va = 26.8 ft/s 
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14-25. 


The 5-lb cylinder is falling from A with a speed v4 = 10 ft/s 
onto the platform. Determine the maximum displacement 
of the platform, caused by the collision. The spring has an 
unstretched length of 1.75 ft and is originally kept in 
compression by the 1-ft long cables attached to the platform. 
Neglect the mass of the platform and spring and any energy 


lost during the collision. 


SOLUTION 
T, + LU. = Th 


a(z) 


200 s? + 295 s — 22.76 = 0 
s = 0.0735 ft < 1ft 
s = 0.0735 ft 


(400)(0.75 + sy — 5(400)(0.75)" =0 
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bene D 


ma 


1_ 


k = 400 Ib /ft 


Ans: 
s = 0.0735 ft 
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14-26. 


The catapulting mechanism is used to propel the 10-kg 
slider A to the right along the smooth track. The propelling 
action is obtained by drawing the pulley attached to rod BC 
rapidly to the left by means of a piston P. If the piston 
applies a constant force F = 20 KN to rod BC such that it 
moves it 0.2 m, determine the speed attained by the slider if 
it was originally at rest. Neglect the mass of the pulleys, 
cable, piston, and rod BC. 


SOLUTION 
2sctsa=l 
2Asc+ As, =0 
2(0.2) = -A s4 
—0.4 = A s4 


Tı + XU- = T> 


0 + (10 000)(0.4) = 5 (10)(04)" 


va = 28.3 m/s 
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Ans: 
va = 28.3 m/s 
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14-27. 


The “flying car” is a ride at an amusement park which 
consists of a car having wheels that roll along a track 
mounted inside a rotating drum. By design the car cannot 
fall off the track, however motion of the car is developed by 
applying the car’s brake, thereby gripping the car to the 
track and allowing it to move with a constant speed of the 
track, v, = 3 m/s. If the rider applies the brake when going 
from B to A and then releases it at the top of the drum, A, 
so that the car coasts freely down along the track to B 
(0 = m rad), determine the speed of the car at B and the 
normal reaction which the drum exerts on the car at B. 
Neglect friction during the motion from A to B. The rider 
and car have a total mass of 250 kg and the center of mass of 
the car and rider moves along a circular path having a 
radius of 8 m. 


SOLUTION 


Ta F XU4-B oa Tp 


50506} + 250(9.81)(16) = $(250)(v) ” 


5°09, PIN ve 
Se 


vg = 17.97 = 18.0 m/s 


-a 


+Î£F,=ma, Ng — 250(9.81) = 250( 5 


Nz = 12.5kN 


Ans: 
vg = 18.0 m/s 
Nz = 12.5kN 
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*14-28. 


The 10-lb box falls off the conveyor belt at 5-ft/s. If the 
coefficient of kinetic friction along AB is p, = 0.2, 
determine the distance x when the box falls into the cart. 


SOLUTION 


Work. Consider the force equilibrium along the y axis by referring to Fig. a, 


4 
+T Ey = 0; n -10(2) =0 N = 8.00 Ib 


y 


Thus, F; = mN = 0.2(8.00) = 1.60 lb. To reach B, W displaces vertically downward 
15 ft and the box slides 25 ft down the inclined plane. 


U„ = 10(15) = 150 ft-lb 
Ur, = —1.60(25) = —40 ft-lb 

Principle of Work And Energy. Applying Eq. 14-7 
Ta + {Uy = Tp 


a ie a (3) i 


vg = 27.08 ft/s 


Kinematics. Consider the vertical motion with reference to the x-y coordinate 
system, 


(+1) (S9 = (So) + Ot + Fay? 


3 1 
5 = 30 — 27.08 t4 32.2)t? 
(2): + 5-222) 


16.117 + 16.25t — 25 = 0 
Solve for positive root, 

t = 0.8398 s 
Then, the horizontal motion gives 


+ (Se) T (SB)x + (Vg)x t; 


4 
x=0+ 27.08( £ )(0.8398) = 18.19 ft = 18.2 ft 


Ans: 
x = 18.2 ft 
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14-29. 


The collar has a mass of 20 kg and slides along the smooth 
rod. Two springs are attached to it and the ends of the rod as 
shown. If each spring has an uncompressed length of 1 m 
and the collar has a speed of 2 m/s when s = 0, determine TAAA — pala le lele lela 
the maximum compression of each spring due to the back- ka = 50 N/m kg = 100 N/m 
and-forth (oscillating) motion of the collar. 


1m 1m 


0.25 m 


SOLUTION 
Ti+ EU = T, 


1 1 1 
5 (20)(2 — 5(50)(s)* — 5(100)(s)? = 0 


s = 0.730m 


Ans: 
s = 0.730m 
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14-30. 


The 30-lb box A is released from rest and slides down along 
the smooth ramp and onto the surface of a cart. If the cart 


is prevented from moving determine the distance s from the 
end of the cart to where the box stops. The coefficient of 
kinetic friction between the cart and the box is pw, = 0.6. 


SOLUTION 


Principle of Work and Energy: W 4 which acts in the direction of the vertical 
displacement does positive work when the block displaces 4 ft vertically. The friction 
force Fy = u N = 0.6(30) = 18.0lb does negative work since it acts in the 
opposite direction to that of displacement Since the block is at rest initially and is 
required to stop, 74 = Tc = 0. Applying Eq. 14-7, we have 


TA + DU a-c = Tc 


0 + 30(4) — 18.0s'=0 s’ = 6.667 ft 


s=10-s' = 3.33 ft 
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Ans: 
s = 3.33 ft 
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14-31. 


Marbles having a mass of 5 g are dropped from rest at A 
through the smooth glass tube and accumulate in the can 
at C. Determine the placement R of the can from the end 
of the tube and the speed at which the marbles fall into the 
can. Neglect the size of the can. 


SOLUTION 


Ta + DU yp = TB 


0 + [0.005(9.81)(3 — 2)] = 5 0.005) 


vg = 4.429 m/s K 005(9.8))N 


+] Jada ge 
( 5 


1 
0+0= 3 (9.81) 


t = 0.6386 s 


(+) S = So + Ut 


R = 0 + 4.429(0.6386) = 2.83 m 


Ta + > U a-c _ Tı 
1 
0 + [0.005(9.81)(3) = > (0.005) v2: 


Uc = 7.67 m/s 


Ans: 
R = 2.83 m 
vc = 7.67 m/s 
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*14-32. 


The block has a mass of 0.8 kg and moves within the smooth 
vertical slot. If it starts from rest when the attached spring is 
in the unstretched position at A, determine the constant 
vertical force F which must be applied to the cord so that 
the block attains a speed vg = 2.5 m/s when it reaches B; 
Sg = 0.15 m. Neglect the size and mass of the pulley. Hint: 
The work of F can be determined by finding the difference 
Al in cord lengths AC and BC and using Up = F Al. 


SOLUTION 
lac = V (0.3) + (0.4% = 0.5m 


Ipc = V(0.4 — 0.15)? + (0.3)? = 0.3905 m 


TA + ZU 4 2 = Tz 


0 + F(0.5 — 0.3905) ~ 5 (100)(0.15) — (0.8)(9.81)(0.15) = 5(0.8)(2.5) DNDN p 


F = 43.9 N 
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14-33. 


The 10-lb block is pressed against the spring so as to 
compress it 2 ft when it is at A. If the plane is smooth, 
determine the distance d, measured from the wall, to where 


the block strikes the ground. Neglect the size of the block. 
k = 100 lb/ft 


SOLUTION 
Ta + EU,- = Tg 

1 1 
0+ 3 (100)(2)* = 006) = = 5 
vg = 33.09 ft/s 
(+) S = So + vot 


d=0+ 33.09( 4): 


+7 cgay 
l > 


3 1 
-3 = 0+ 33.00)(2). + 570322" 
16.1 — 19.853t — 3 = 0 


Solving for the positive root, 


t = 1.369 s 


d = 33.09( 2)(1.369) = 36.2 ft 


Ans: 
d = 36.2 ft 
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14-34. 


The spring bumper is used to arrest the motion of the 
4-Ib block, which is sliding toward it at v = 9 ft/s. As KN 
shown, the spring is confined by the plate P and wall using AAA 

NWA 


cables so that its length is 1.5 ft. If the stiffness of the 


spring is k = 50 lb/ft, determine the required unstretched 


length of the spring so that the plate is not displaced more 
than 0.2 ft after the block collides into it. Neglect friction, 
the mass of the plate and spring, and the energy loss 
between the plate and block during the collision. 


SOLUTION 
Ti + 5U =T, 


; G5) (9% Rove 1.3) 5(50)(s 1.5) -0 


0.20124 = s* — 2.60 s + 1.69 — (s* — 3.0 s + 2.25) 


0.20124 = 0.4 s — 0.560 


s = 1.90 ft 
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Ans: 
s = 1.90 ft 
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14-35. 


When the 150-Ib skier is at point A he has a speed of 5 ft/s. 
Determine his speed when he reaches point B on the 
smooth slope. For this distance the slope follows the cosine 
curve shown. Also, what is the normal force on his skis at B 
and his rate of increase in speed? Neglect friction and air 
resistance. 


SOLUTION 


T 
= 50 — = 22.70 ft 
Pee (io) nee 


aT na = sofro) sin (st) = (E) (tp) 
dx 100) *" \400 /* 2 J \ 100)” l-35 


0 = —54.45° 
ay T? T 
be (=) cos (a) pes = —0.02240 


[1 + (1.3996) 
= = 227.17 
|—0.02240| 


T,+2U,4 3 — Tg 


1/ 150 150 


i 
~ —— }(5)? + — 22.70) = =| —— |v} 
Gale 150(50 — 22.70) (a 


Up = 42.227 ft/s = 42.2 ft/s 


42.227)? 
+/>F, = may; =N + 150 cos 54.45° = ESK ) ) 


32.2/ \ 227.179 


N = 50.6 lb 


. a { 150 
150 sin 54.45° = (E) 


a, = 26.2 ft/s? 


= —1.3996 
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50 cos Go? 


ae 


Ans: 

vg = 42.2 ft/s 
N = 50.6 lb 
a, = 26.2 ft/s? 
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*14-36. 


The spring has a stiffness k = 50 lb/ft and an unstretched 

length of 2 ft. As shown, it is confined by the plate and wall 

using cables so that its length is 1.5 ft. A 4-Ib block is given a 

speed v4 when it is at A, and it slides down the incline having k = 50 lb/ft 
a coefficient of kinetic friction uy = 0.2. If it strikes the plate 

and pushes it forward 0.25 ft before stopping, determine its 

speed at A. Neglect the mass of the plate and spring. 


SOLUTION 


4 
+N3F,=0; Ng- (4) =0 
Np = 3.20 lb 


Tı + 2 Ui-2 = T 


Hh + (34 025)(2)( 0.2(3.20)(3 + 0.25) — 5 (50)(0.75)°— (50)(0.5)" =0 


va = 5.80 ft/s Ans. 


Ans: 
v= 5.80 ft/s 
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14-37. 


If the track is to be designed so that the passengers of the 
roller coaster do not experience a normal force equal to 
zero or more than 4 times their weight, determine the 
limiting heights A4 and hc so that this does not occur. The 
roller coaster starts from rest at position A. Neglect friction. 


N | 


YW 


SOLUTION 


Free-Body Diagram:The free-body diagram of the passenger at positions B and C 
are shown in Figs. a and b, respectively. 


2 
Vv : agit A 

Equations of Motion: Here, a, = —. The requirement at position B is that 
p 


N g = 4mg. By referring to Fig. a, 


VR 
+T=F, = may; 4mg — mg =m 5 
vg? = 45g 


At position C, Nç is required to be zero. By referring to Fig. b, 


+LEF, = ma; jsa e 
n ” man; mg = m 20 


vc? = 20g 
Principle of Work and Energy: The normal reaction N does no work since it always 


acts perpendicular to the motion. When the rollercoaster moves from position A 
to B, W displaces vertically downward h = h4 and does positive work. 


We have 


Ta + XU 4p = Tg 


1 
0+ mgh, = 3 m(458) 


ha = 22.5m Ans. 


When the rollercoaster moves from position A to C, W displaces vertically 
downward h = hy — he = (22.5 — he) m. 


Tä + XU 4-8 = Tg 
1 
0 + mg(22.5 — hc) = z (20g) 
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14-38. 


If the 60-kg skier passes point A with a speed of 5m/s, 
determine his speed when he reaches point B. Also find the 
normal force exerted on him by the slope at this point. 
Neglect friction. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the skier at an arbitrary position is 
shown in Fig. a. 


Principle of Work and Energy: By referring to Fig. a, we notice that N does no work since 
it always acts perpendicular to the motion. When the skier slides down the track from A 
to B, W displaces vertically downward h = y4 — yg = 15 [0.025(07) + 5] = 10m 
and does positive work. 


TA + XU4-B = Tp 
5 (60)(52) + [60(9.81)(10)] = TO 


vg = 14.87 m/s = 14.9 m/s 
dy/dx = 0.05x 
@y/dxX = 0.05 


ie 
p= 72m 
(14.87) 
20 


+TSF, = ma,; N — 60(9.81) = a 


N = 1.25 kN 
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y = (0.025x7 + 5) m 


Ans: 
vg = 14.9 m/s 
N = 1.25kN 
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14-39. 


If the 75-kg crate starts from rest at A, determine its speed 
when it reaches point B. The cable is subjected to a constant 
force of F = 300N. Neglect friction and the size of the 
pulley. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the crate and cable system at an 
arbitrary position is shown in Fig. a. 


Principle of Work and Energy: By referring to Fig. a, notice that N, W, and R do no 
work. When the crate moves from_A to B, force F displaces through a distance of 
s = AC — BC = V8 + @ — VZ + 6 = 3.675 m. Here, the work of F is 
positive. 


Tı + XU 4_> = T> 


1 
0 + 300(3.675) = 5 vB" 


vg = 5.42 m/s 
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Ans: 
vg = 5.42 m/s 
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*14-40. 


If the 75-kg crate starts from rest at A, and its speed is 6m/s 
when it passes point B, determine the constant force F 
exerted on the cable. Neglect friction and the size of the 
pulley. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the crate and cable system at an 
arbitrary position is shown in Fig. a. 


Principle of Work and Energy: By referring to Fig. a, notice that N, W, and R do no 
work. When the crate moves from A to B, force F displaces through a distance of 
s= AC — BC = V8? + 6& — VZ? + 6 = 3.675m. Here, the work of F is 
positive. 


N=/5(4-81)N 


Tı + XU 4_> = T 


0 + F(3.675) = 5 (75)(6) 


F = 367N 
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14-41. 


A 2-lb block rests on the smooth semicylindrical surface. An 
elastic cord having a stiffness k = 2 lb/ft is attached to the 
block at B and to the base of the semicylinder at point C. If 
the block is released from rest at A(@ = 0°), determine the 
unstretched length of the cord so that the block begins to 
leave the semicylinder at the instant 0 = 45°. Neglect the 
size of the block. 


SOLUTION 


2 
HSF, = mas Jsi = (4) 


~ 32.2 
v = 5.844 ft/s 


Ti F È Ui = Ta 


T 2: 
0+ Fofas) hl OF (1.5) w] 2(1.5 sin 45°) = + (455 0840" 


lo = 2.77 ft Ans. 
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Ans: 
lo = 2.77 ft 
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14-42. 


The jeep has a weight of 2500 lb and an engine which 
transmits a power of 100 hp to all the wheels. Assuming the 
wheels do not slip on the ground, determine the angle 6 of 
the largest incline the jeep can climb at a constant speed 
v = 30 ft/s. 


SOLUTION 
P = Fw 


100(550) = 2500 sin 0(30) 


0 = 47.2° 
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14-43. 


Determine the power input for a motor necessary to lift 300 Ib 
at a constant rate of 5 ft/s. The efficiency of the motor is 
e = 0.65. 


SOLUTION 


Power: The power output can be obtained using Eq. 14-10. 


P = F- v = 300(5) = 1500 ft: b/s 


Using Eq. 14-11, the required power input for the motor to provide the above 
power output is 


power output 


power input = 
€ 


1500 
= > = 2307.7 ft-Ib/s = 4.20h 
0.65 me p 


Ans: 
P; = 4.20 hp 
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*14-44, 


An automobile having a mass of 2 Mg travels up a 7° slope 
at a constant speed of v = 100 km/h. If mechanical friction 
and wind resistance are neglected, determine the power 
developed by the engine if the automobile has an efficiency 
e = 0.65. 


SOLUTION 


Equation of Motion: The force F which is required to maintain the car’s constant 
speed up the slope must be determined first. 


+3Fy = 


x 


may; F — 2(10°)(9.81) sin 7° = 2(10°)(0) 
F = 2391.08 N 


1h 


P Here, th d of th el a 
ower: Here, the speed of the car is v = 3600 s 


h 
The power output can be obtained using Eq. 14-10. 


) = 27.78 m/s. 


P = F- v = 2391.08(27.78) = 66.418(10°) W = 66.418 kW 


Using Eq. 14-11, the required power input from the engine to provide the above 
power output is 


. power output 
power input = —————_ 
e€ 


66.418 
= ——— = 102kW 
0.65 
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2(10°)(9.81) N 


Ans: 
power input = 102 kW 
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14-45. 


The Milkin Aircraft Co. manufactures a turbojet engine that 
is placed in a plane having a weight of 13000 Ib. If the engine 
develops a constant thrust of 5200 Ib, determine the power 
output of the plane when it is just ready to take off with a 
speed of 600 mi/h. 


SOLUTION 


At 600 ms/h. 


550 


P= 5200(600)( 


aon) l = 8.32 (10°) h 
Auk so. oo 
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Ans: 
P = 8.32 (10°) hp 
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14-46. 


To dramatize the loss of energy in an automobile, consider a 
car having a weight of 5000 Ib that is traveling at 35 mi/h. If 
the car is brought to a stop, determine how long a 100-W light 
bulb must burn to expend the same amount of energy. 
(1 mi = 5280 ft.) 


SOLUTION 


: 35 mi 5280 ft 1h 
Energy: Here, the speed of the car is v = x x = 


h 1 mi 3600 s 
51.33 ft/s. Thus, the kinetic energy of the car is 


yt e& 


~ 2432.2 


)(5133?) = 204.59(10°) ft Ib 


. 1 hp 550 ft + 1b/s 
The power of the bulb is P up = 100 W X | ——— ] xX | —-—— ]= 


746 W 1 hp 
73.73 ft: 1b/s. Thus, 


= U _ 2045910) 
Prutp BB 


= 2774.98 s = 46.2 min 


Ans: 
t = 46.2 min 
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14-47. 


The escalator steps move with a constant speed of 0.6 m/s. 
If the steps are 125 mm high and 250 mm in length, 
determine the power of a motor needed to lift an average 
mass of 150 kg per step. There are 32 steps. 


SOLUTION 
Step height: 0.125 m 
Th ber of steps: a 32 

e number of steps: 7755 = 
Total load: 32(150)(9.81) = 47 088 N 


4 
If load is placed at the center height, h = 237 2 m, then 


U = 471 oss( $) = 94.18 kJ 


4 


V (32(0.25))? + 4 


vy = vsiné = os( 


) = 0.2683 m/s 


pe o 
vy 0.2683 


U 9418 
P=- = 7454 7 12.6kW 


Also, 
P = F: v = 47 088(0.2683) = 12.6kW 


Ans: 
P=126kW 
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*14-48, 


The man having the weight of 150 lb is able to run up 
a 15-ft-high flight of stairs in 4 s. Determine the power 
generated. How long would a 100-W light bulb have to burn 
to expend the same amount of energy? Conclusion: Please 
turn off the lights when they are not in use! 


SOLUTION 


Power: The work done by the man is 


U = Wh = 150(15) = 2250 ft » Ib 
Thus, the power generated by the man is given by 


Pran = — 


man 
t 


2250 
m “7 = 562.5 ft: Ib/s = 1.02 hp 


i 1 hp 550 ft + 1b/s 
The power of the bulb is Ppum = 100 W x 76 W x (hp 


= 73.73 ft: b/s. Thus, 


U 2250 
Ppuib 73.73 


t 
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Ans: 
Fiar = 1.02 hp 
t = 30.5s 
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14-49. 


The 2-Mg car increases its speed uniformly from rest to 
25m/s in 30 s up the inclined road. Determine the 
maximum power that must be supplied by the engine, which 
operates with an efficiency of e = 0.8. Also, find the 
average power supplied by the engine. 


SOLUTION 20009-81) N 
Q= 0.8235 mys” g=tan™ (oul) 
——pP / 


Kinematics: The constant acceleration of the car can be determined from 
( $) V= W t at 


25 = 0 + a, (30) 


—— L 


ae = 0.8333 m/s” 


Equations of Motion: By referring to the free-body diagram of the car shown in 
Fig. a, 


SFy = may; F — 2000(9.81) sin 5.711° = 2000(0.8333) 


F = 3618.93N 


Power: The maximum power output of the motor can be determined from 


(Pout)max = F* Vmax = 3618.93(25) = 90 473.24 W 


Thus, the maximum power input is given by 


P 90473.24 
Pi, =—“ = os 113 091.55 W = 113 kW 
E€ $ 


The average power output can be determined from 


25 
(Poutave = F Vave = 3618 93( 2) = 45 236.62 W 


(Poutaa 45236.62 
0.8 


(Pin)avg = = 56 545.78 W = 56.5 kW 


Ans: 
Pax = 113 kW 
Pawo = 56.5 kW 


avg 
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14-50. 


Determine the power output of the draw-works motor M 
necessary to lift the 600-Ib drill pipe upward with a constant 
speed of 4 ft/s. The cable is tied to the top of the oil rig, 
wraps around the lower pulley, then around the top pulley, 
and then to the motor. 


SOLUTION 
2sp+sy=l 
2vp = —VM 


2(-4) = -vy 


Vy = 8 ft/s 


600 
P, = Fv = ( 3 Je = 2400 ft+Ib/s = 4.36 hp 
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14-51. 


The 1000-lb elevator is hoisted by the pulley system and 
motor M. If the motor exerts a constant force of 500 lb on 
the cable, determine the power that must be supplied to the 
motor at the instant the load has been hoisted s = 15 ft 
starting from rest. The motor has an efficiency of e = 0.65. 


SOLUTION 


Equation of Motion. Referring to the FBD of the elevator, Fig. a, 


1000 
+12F, = may; 3(500) — 1000 = 355 4 


a = 16.1 ft/s? 
When S = 15ft, 


tf vw = vw + 2a(S — So); v? = 0? + 2(16.1)(15) 
v = 21.98 ft/s 
Power. Applying Eq. 14-9, the power output is 
Poy = F» V = 3(500)(21.98) = 32.97(10°) Ib- ft/s 
The power input can be determined using Eq. 14-9 


Pout 32.97(10°) 
Py P; 
1 hp 
= 3 . FERTA 
P, = [50.72(10°) Ib ns (=z a 


= 92.21 hp = 92.2 hp 


5001h 50l 501b 
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Ans: 
P = 92.2 hp 
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*14-52. 


The 50-lb crate is given a speed of 10 ft/s int = 4 s starting 
from rest. If the acceleration is constant, determine the 
power that must be supplied to the motor when ft = 2s. 
The motor has an efficiency e = 0.65. Neglect the mass of 
the pulley and cable. 


SOLUTION 
+ 3F, = may; 


(+1) V = Vo + at 


10 = 0 + a(4) 


a = 2.5 ft/s? 
T = 26.94 lb 
Int=2s 
(+t) v =u + al 
v = 0 + 2.5(2) = 5 ft/s 
sc + (Sc — Sp) = 1 
2Uc = Up 
2(5) = vp = 10 ft/s 
P) = 26.94(10) = 269.4 


269.4 
P, _ 065. = 414.5 ft-lb/s 


P, = 0.754 hp 
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14-53. 


The sports car has a mass of 2.3 Mg, and while it is traveling 
at 28 m/s the driver causes it to accelerate at 5 m/s”. If the 
drag resistance on the car due to the wind is Fp = (0.307) N, 
where v is the velocity in m/s, determine the power supplied 
to the engine at this instant. The engine has a running 
efficiency of € = 0.68. 


SOLUTION 
55F,= ma;  F — 0.30 = 2.3(10°)(5) 


F = 0.3v" + 11.5(10°) 
At v = 28 m/s 

F = 11735.2N 
Po = (11 735.2)(28) = 328.59 kW 


Po 328.59 
P; = —2 = =" = 438kW 
i e 0.68 
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Ans: 
P, = 483 kW 
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14-54. 


The sports car has a mass of 2.3 Mg and accelerates at 
6 m/s’, starting from rest. If the drag resistance on the car 
due to the wind is Fp = (10v) N, where v is the velocity in 
m/s, determine the power supplied to the engine when 
t = 5s. The engine has a running efficiency of e = 0.68. 


SOLUTION 


5 5F,=ma;, F- 10v = 2.3(10°)(6) 


F = 13.8(10°) + 10 v 
(4 ) V = w + at 
v = 0 + 6(5) = 30 m/s 
Po = F- v = [13.8(10°) + 10(30)](30) = 423.0 kW 


P i 
p; = 2 a L 62kW 
e 0.68 


Ans: 
P, = 622 kW 
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14-55. 


The elevator E and its freight have a total mass of 400 kg. 
Hoisting is provided by the motor M and the 60-kg block C. 
If the motor has an efficiency of e = 0.6, determine the 
power that must be supplied to the motor when the elevator 
is hoisted upward at a constant speed of vg = 4 m/s. 


SOLUTION 

Elevator: 

Since a = 0, 

+1 ZF, = 0; 60(9.81) + 3T — 400(9.81) = 0 
T = 1111.8N 

2sg + (Sg — Sp) =1 

3UE = Up 

Since vg = —4 m/s, vp = —12 m/s 


p Eye _ 0111802 


= 22.2 kW 
: e 0.6 
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60(9.81) N 
3r 


(400X9.81) N 


Ans: 
P, = 22.2 kW 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*14-56. 


The 10-lb collar starts from rest at A and is lifted by 
applying a constant vertical force of F = 25 1b to the cord. 
If the rod is smooth, determine the power developed by the 
force at the instant 0 = 60°. 


SOLUTION 
Work of F 


U,- = 25(5 — 3.464) = 38.40 lb ft 
Tı F XU = Tos 


1, 10 
38.40 — 10(4 — 1.732) = =(=) v? 
2 `32.2 


v = 10.06 ft/s 


P = F- v = 25 cos 60°(10.06) = 125.76 ft: 1b/s 


P = 0.229 hp 


Ans: 
P = 0.229 hp 
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14-57. 


The 10-lb collar starts from rest at A and is lifted with a 
constant speed of 2 ft/s along the smooth rod. Determine the 
power developed by the force F at the instant shown. 


SOLUTION 


4 
+1 =F, = may; I($) -10=0 


F = 12.5 1b 


P=F-y= 125(2)@) = 20 lb: ft/s 


= 0.0364 hp 


Ans: 
P = 0.0364 hp 
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14-58. 


The 50-lb block rests on the rough surface for which 
the coefficient of kinetic friction is pu, = 0.2. A force k = 20 Ib/ft 
F = (40 + s?) lb, where s is in ft, acts on the block in the 

direction shown. If the spring is originally unstretched 

(s = 0) and the block is at rest, determine the power 


developed by the force the instant the block has moved 
s= 15 ft. 


SOLUTION 
+f SF, = 0; Ng — (40 + s?) sin 30° — 50 = 0 


Ng = 70 + 0.55? 


T+ 3U,.= nh 


15 


1 ae 1/ 50 
- (40 + s?) cos 30° ds — = (20)(1.5} — 0.2 (70 + 0.5s”)ds = 1 
E 2 a 2\322 


52.936 — 22.5 — 21.1125 = 0.776405 
v = 3.465 ft/s 

When s = 1.5 ft, 

F = 40 + (1.5)? = 42.25 lb 

P = F- v = (42.25 cos 30°)(3.465) 


P = 126.79 ft-Ib/s = 0.231 hp 


Ans: 
P = 0.231 hp 


434 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


14-59. 


The escalator steps move with a constant speed of 0.6 m/s. 
If the steps are 125 mm high and 250 mm in length, 
determine the power of a motor needed to lift an average 
mass of 150 kg per step. There are 32 steps. 


SOLUTION 
Step height: 0.125 m 


The number of steps: 0105 > 32 


Total load: 32(150)(9.81) = 47 088 N 


4 
If load is placed at the center height, h = = 2 m, then 


U=47 oss( 4) = 94.18 kJ 


4 


v, = vsin 0 = os| 
V (32(0.25))? + 4? 


= 0.2683 m/s 
= 02683 > 7.454 s 


p=2 =% 126kW 
t 7.454 


Also, 


P = F-v = 47 088(0.2683) = 12.6 kW 
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Ans: 
P = 12.6kW 
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*14-60. 


If the escalator in Prob. 14—47 is not moving, determine the 
constant speed at which a man having a mass of 80 kg must 
walk up the steps to generate 100 W of power—the same 
amount that is needed to power a standard light bulb. 


SOLUTION 


Go 80)(9.81)(4 
P = ee 100 +t=314s 


s  V(32(0.25))? + 4 
t 31.4 


0.285 m/s 


Ans: 
v = 0.285 m/s 
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14-61. 


If the jet on the dragster supplies a constant thrust of 
T = 20kN, determine the power generated by the jet as a 
function of time. Neglect drag and rolling resistance, and 
the loss of fuel. The dragster has a mass of 1 Mg and starts 
from rest. 


SOLUTION 


Equations of Motion: By referring to the free-body diagram of the dragster shown 
in Fig. a, 


5 YF, = ma,; 20(10°) = 1000(a) a = 20 m/s? 


Kinematics: The velocity of the dragster can be determined from 


(+) V = V F at 


v = 0 + 20t = (20t) m/s 


P = F- v = 20(10°)(20¢) 


= | 400(10°)¢| W 
| ] 
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[0009.81 N 


Ans: 


P= {400(10"y} W 
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14-62. 


An athlete pushes against an exercise machine with a force 
that varies with time as shown in the first graph. Also, the 
velocity of the athlete’s arm acting in the same direction as 
the force varies with time as shown in the second graph. 
Determine the power applied as a function of time and the 
work done int = 0.3 s. 


SOLUTION 
For0 <s t < 0.2 


F = 800 N 


20 
= —t = 66.67t 
= 03 


P = F- vy = 53.3tkW 
For 0.2 < t = 0.3 

F = 2400 — 8000¢ 

v = 66.67t 


P = F- v = (160t — 533°) kW 


0.3 
U= 1 P dt 
0 


0.2 0.3 
| ssarar+ | (160t — 533¢°) dt 
0 0.2 


53:3 
2 


(0.2)? 4 (03) (0.2)"] 2003)" 


= 1.69 kJ 


Ans: 
P= fioo: — 5331) kW 
U = 1.69 kJ 
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14-63. 


An athlete pushes against an exercise machine with a 
force that varies with time as shown in the first graph. 
Also, the velocity of the athlete’s arm acting in the same 
direction as the force varies with time as shown in the 
second graph. Determine the maximum power developed 
during the 0.3-second time period. 


SOLUTION 


See solution to Prob. 14-62. 
P = 160t — 5337 


at = 160 — 1066.6t = 0 
dt 


t= 0.15s < 02s 


Thus maximum occurs at t = 0.2 s 


Pmax = 53.3(0.2) = 10.7 KW 
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Ans: 
Panax = 10.7 kW 
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*14-64, 


The block has a weight of 80 lb and rests on the floor for 
which ux = 0.4. If the motor draws in the cable at a constant 
rate of 6 ft/s, determine the output of the motor at the 
instant 0 = 30°. Neglect the mass of the cable and pulleys. 


SOLUTION 
2(Vsb + 3) + Sp=1 


Time derivative of Eq. (1) yields: 
2825p 
25pUR ae V3349 
Time derivative of Eq. (2) yields: 
1 


+5, =0 Where Ss, = vgand Sp = up 


(s3 + 9)? [2(s3 H 9)s% — 2s3s% + 2sg(s3 4 9)sp] 


where 5, = ap = 0 and Sg = ag 


2(s% + 9)v% — 250g) + 29—(8% + 9)ag = 0 


spvp — vglsg) + 9 


sp(s% + 9) 


UB 


At @ = 30°, = 5.196 ft 


Sp = 
B tan 30° 


V5.1967 + 9 


2(5.196) 


From Eq. (3) UB (6) = —3.464 ft/s 


pe a 5.196 (5.1962 + 9) 


5.1967(—3.464)* — (—3.4647) (5.1967 + 9) 


80 
ma; p= 0.4(80) = 355 (0.5773) P= 30.57 Ib 


< v = 30.57(3.464) = 105.9 ft-Ib/s = 0.193 hp 


—F + 2T cos 30° = 


30.57 


= — — = 17.65 lb 
2 cos 30° 


-v = 17.65(6) = 105.9 ft - Ib/s = 0.193 hp 


440 


= —0.5773 ft/s? 


Pg bath 
Bo b 


Ans: 
Fy = 0.193 hp 
Fy = 0.193 hp 
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14-65. 


The block has a mass of 150 kg and rests on a surface for 
which the coefficients of static and kinetic friction are 
bs =05 and px, =0.4, respectively. If a force 
F = (600°) N, where t is in seconds, is applied to the cable, 
determine the power developed by the force when f = 5s. 
Hint: First determine the time needed for the force to 
cause motion. 


SOLUTION 

5 DF, = 0; 2F — 0.5(150)(9.81) = 0 
F = 367.875 = 60° 
t = 2.476 s 


5 YF 


x 


2(601°)—0.4(150)(9.81) = 150a, 


ap = 0.80 — 3.924 


dv = adt 


v 5 
fo = f (0.8? — 3.924) dt 
0 2.476 


0.8 5 
v= Cey — 3.924t = 19.38 m/s 


2.476 


vr = 2(19.38) = 38.76 m/s 
F = 60(5)} = 1500 N 


P = F- v = 1500(38.76) = 58.1 kW 
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150(4.81) N 


2F 


O.5.Np TE 
Np= 150(9.2:) N 


Ans: 
P = 58.1 kW 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


14-66. 


The girl has a mass of 40 kg and center of mass at G. If she 
is swinging to a maximum height defined by 6 = 60°, 
determine the force developed along each of the four 
supporting posts such as AB at the instant 0 = 0°. The 
swing is centrally located between the posts. 


SOLUTION 


The maximum tension in the cable occurs when 6 = 0°. 


Tı + Vi a Ta +F V2 
0 + 40(9.81)(—2 cos 60°) = jao + 40(9.81)(—2) 


v = 4.429 m/s 


4.4297 


) T = 784.8N 
2 


+ TSF, = ma, T — 40(9.81) = c40)( 


2(2F) cos 30° — 784.8 = 0 F=227N 
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ñ 


\ 


40(9.81) N 


t 
X 
2E 32 siz 


T= 766-8) 
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14-67. 


The 30-Ib block A is placed on top of two nested springs B 
and C and then pushed down to the position shown. If it is 
then released, determine the maximum height h to which it 
will rise. 


SOLUTION 


, kg = 200 Ib/in. 
Conservation of Energy: A 


Tit V,=T2,+ V2 


Zm, 4 v), re va] _ sms P (ve), 4 (v kc = 100 Ib/in. 


0+0+ 5 ea} + 5 (100)(6) = 0 + A(30) + 0 


h = 113 in. 
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*14-68. 


The 5-kg collar has a velocity of 5 m/s to the right when it is 
at A. It then travels down along the smooth guide. 
Determine the speed of the collar when it reaches point B, 
which is located just before the end of the curved portion of 
the rod. The spring has an unstretched length of 100 mm 
and B is located just before the end of the curved portion of 
the rod. 


SOLUTION 


Potential Energy. With reference to the datum set through B the gravitational 
potential energies of the collar at A and B are 


(Va = mgh4 = 5(9.81)(0.2) = 9.81 J 
(V) = 0 


At A and B, the spring stretches x4 = V0.2? + 0.27 — 0.1 = 0.1828m and 
Xg = 0.4 — 0.1 = 0.3m respectively. Thus, the elastic potential energies in the 
spring at A and B are 


1 Í 
(V4 = 5 = z (50)(0.1828") = 0.8358 J 


1 1 
(V.)p = 3 = z (50)(0.3") =225J 


Conservation of Energy. 


Ta + Va = Tg + Vg 


1 1 
= (5)(57) + 9.81 + 0.8358 = = (5)v3 + 0 + 2.25 
2 2 


vg = 5.325 m/s = 5.33 m/s Ans. 


Equation of Motion. At B, F = kxg = 50(0.3) = 15 N. Referring to the FBD of 
the collar, Fig. a, 


s 
0.2 


SF, = ma, N+ 15 =5( 


N = 693.95 N = 694 N 


444 


Ans: 
vg = 5.33 m/s 
N = 694 N 
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14-69. 


The 5-kg collar has a velocity of 5 m/s to the right when it is 
at A. It then travels along the smooth guide. Determine its 
speed when its center reaches point B and the normal force it 
exerts on the rod at this point. The spring has an unstretched 
length of 100 mm and B is located just before the end of the 
curved portion of the rod. 


SOLUTION 


Potential Energy. With reference to the datum set through B the gravitational 
potential energies of the collar at A and B are 


(V,)a = mgh, = 5(9.81)(0.2) = 9.81 J 


(VB = 0 


At A and B, the spring stretches x4 = V0.2? + 0.2? — 0.1 = 0.1828m and 
Xg = 0.4 — 0.1 = 0.3m respectively. Thus, the elastic potential energies in the 
spring at A and B are 


1 
(Vda = —kx4 = z (50)(0.1828”) = 0.8358 J 


1 1 
(Vip = > kx = z (50)(0.3") = 2.25) 


2 


Conservation of Energy. 


Ta + Va = Tg + Vg 


1 it 
z O5) + 9.81 + 0.8358 = z OW + 0 + 2.25 


vg = 5.325 m/s = 5.33 m/s Ans. 


Equation of Motion. At B, F, = kxg = 50(0.3) = 15 N. Referring to the FBD of 
the collar, Fig. a, 


N = 693.95 N = 694 N 
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14-70. 


The ball has a weight of 15 lb and is fixed to a rod having 
a negligible mass. If it is released from rest when 6 = 0°, 
determine the angle 0 at which the compressive force in the 
rod becomes zero. 


SOLUTION 
Ty sh Wy a Va 


= e 15(3)(1 — cos 8) 


v? = 193.2(1 — cos 0) 


+/F, = ma,; 15 cos 0 = 


15 eee — cos 6) 
32.2 3 


cos 0 = 2 — 2 cos 0 
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15 
| 451b 


Datum ——— >i T 3(1-t050) 
DA 
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14-71. 


The car C and its contents have a weight of 600 lb, whereas 
block B has a weight of 200 Ib. If the car is released from 
rest, determine its speed when it travels 30 ft down the 
20° incline. Suggestion: To measure the gravitational 
potential energy, establish separate datums at the initial 
elevations of B and C. 


SOLUTION 


25g + sc=l 


Establish two datums at the initial elevations of the car and the block, respectively. 


Ti+ Vis T+ V2 


1/ 600 1/ 200 \/-ve\* 
0= ( Joo? ( )( ve) + 200(15) — 600 sin 20°(30) 
2\ 32.2 2\322/\ 2 


vc = 17.7 ft/s Ans. 


Ans: 
Uc = 17.7 ft/s 
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*14-72. 


The roller coaster car has a mass of 700 kg, including its 
passenger. If it starts from the top of the hill A with a speed 
va = 3 m/s, determine the minimum height h of the hill 
crest so that the car travels around the inside loops without 
leaving the track. Neglect friction, the mass of the wheels, 
and the size of the car. What is the normal reaction on the 
car when the car is at B and when it is at C? Take pg = 7.5m 
and pc = 5m. 


SOLUTION 


Equation of Motion. Referring to the FBD of the roller-coaster car shown in Fig. a, 


2 
DE, = may; N + 700(9.81) = 700 (=) (1) 
P 
When the roller-coaster car is about to leave the loop at B and C, N = 0. At B and 
C, pg = 7.5 m and pc = 5 m. Then Eq. (1) gives 


UB 


75 


t 


+ 700(9.81) = 700( 


) vp = 73.575 m/s? 


2 
UC 
+ 700(9.81) = 700 & 


) ve = 49.05 m/s? 
Judging from the above results, the coster car will not leave the loop at C if it safely 
passes through B. Thus 

Nz = 0 Ans. 


Conservation of Energy. The datum will be set at the ground level. With 
vg = 73.575 m’/s’, 

Ta + Va = Tg F Vg 

1 1 

z C3?) + 700(9.81)h = z (700)(73.575) + 700(9.81)(15) 

h = 18.29 m = 183m 

And from B to C, 

Tg + Vg = Te F Ve 


5 (700)(73.575) + 700(9.81)(15) = $ (700)0? + 700(9.81)(10) 


v2 = 171.675 m?/s? > 49.05 m/s? 


Substitute this result into Eq. 1 with pç = 5m, 


171.675 
N. + 700(9.81) = 700 5 


N, = 17.17(10°) N = 17.2 kN 


Ans: 

Np = 0 

h = 183m 
N. = 17.2 kN 
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14-73. 


The roller coaster car has a mass of 700 kg, including its 
passenger. If it is released from rest at the top of the hill A, 
determine the minimum height A of the hill crest so that the 
car travels around both inside the loops without leaving the 
track. Neglect friction, the mass of the wheels, and the size 
of the car. What is the normal reaction on the car when the 
car is at B and when it is at C? Take pg = 7.5m and 
PE = 5m. 


SOLUTION 


Equation of Motion. Referring to the FBD of the roller-coaster car shown in 
Fig. a, 


2 

LF, = may; N + 700(9.81) = 700 (=) (1) 
p 

When the roller-coaster car is about to leave the loop at B and C, N = 0. At B and 

C, pg = 7.5 m and pc = 5 m. Then Eq. (1) gives 


_ vi 2 _ 22 
0 + 700(9.81) = 700 (=) v} = 73.575 m/s 


and 


2 
E ve 2 _ 2/2 
0 + 700(9.81) = 700(~ ve = 49.05 m?/s 


Judging from the above result the coaster car will not leave the loop at C provided it 
passes through B safely. Thus 


Nz = 0 Ans. 


Conservation of Energy. The datum will be set at the ground level. Applying 
Eq. 14- from A to B with vz = 73.575 m’/s’, 


Ta + Va = Tp + Vg 
1 
0 + 700(9.81)h = > (700)(73.575) + 700(9.81)(15) 


h = 18.75 m 
And from B to C, 
Tg t Vg = Te + Ve 


5 (700)(73.575) + 700(9.81)(15) = 5 aoyo? + 700(9.81)(10) 


ve = 171.675 m?/s* > 49.05 m? /3? 


Substitute this result into Eq. 1 with pc = 5m, 
171.675 
Nc + 700(9.81) = 700 ( 5 ) 


N. = 17.17(103)N = 17.2kN 


Ans: 

Np = 0 

h = 18.75 m 
Ne = 17.2kN 


449 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


14-74. 


The assembly consists of two blocks A and B which have a 
mass of 20 kg and 30 kg, respectively. Determine the speed 
of each block when B descends 1.5 m. The blocks are 
released from rest. Neglect the mass of the pulleys and 
cords. 


SOLUTION 
3s4 + sg =l 
3As4 = — Asg 
3v4 = —UB 


Ti + V = Th + Vz 


(0 + 0) = T 2004} H 5 (30)( 3v,4) 4 200.81 +2) — 30(9.81)(1.5) 


VA Ans. 


UB Ans. 


Ans: 
va = 1.54m/s 
vg = 4.62 m/s 
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14-75. 


The assembly consists of two blocks A and B, which have 
a mass of 20 kg and 30 kg, respectively. Determine the 
distance B must descend in order for A to achieve a speed 
of 3 m/s starting from rest. 


SOLUTION 
3s4 + sp=l 
3As, = —Aspz 
3v4 = —UB 

vg = —9 m/s 


Et y= V 


(0+ 0)+ (0+ 0) = T (20)(3)? + 5 (30)(—9)° + 200.81) 2) — 30(9.81)(sp) 


Sg = 5.70 m Ans. 
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*14-76. 


The spring has a stiffness k = 50 N/m and an unstretched 
length of 0.3 m. If it is attached to the 2-kg smooth collar 
and the collar is released from rest at A (0 = 0°), determine 
the speed of the collar when 6 = 60°. The motion occurs in 
the horizontal plane. Neglect the size of the collar. 


SOLUTION 


Potential Energy. Since the motion occurs in the horizontal plane, there will 
be no change in gravitational potential energy when 0 = 0°, the spring stretches 
x, = 4-03 = 3.7m. Referring to the geometry shown in Fig. a, the spring 
stretches x, = 4 cos 60° — 0.3 = 1.7m. Thus, the elastic potential energies in the 
spring when 0 = 0° and 60° are 


(V) = kå = 5 606P) = 342.25 J 


V) = 5 ke = 5 (50)(1.7?) = 72.95.) 


Conservation of Energy. Since the collar is released from rest when 6 = 0°, T, = 0. 


T+ V= Tht Vz 


1 2 
0 + 342.25 = 5 (2)? + 72.25 


v = 16.43 m/s = 16.4m/s 


452 


Ans: 
v = 16.4m/s 
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14-77. 


The roller coaster car having a mass 7n is released from rest 


at point A. If the track is to be designed so that the car does 
not leave it at B, determine the required height h. Also, find 
the speed of the car when it reaches point C. Neglect 
friction. 


SOLUTION 


Equation of Motion: Since it is required that the roller coaster car is about to leave 
2 2 
v v 
the track at B, Nz = 0. Here, a, = 2 -= =o By referring to the free-body 
PB - 


diagram of the roller coaster car shown in Fig. a, 


pe 
vg? = 73.575 m?/s? 


Potential Energy: With reference to the datum set in Fig. b, the gravitational 
potential energy of the rollercoaster car at positions A, B, and C are 
(V)a = mghy = m(9.81)h = 9.81mh, (V)s = mghg = m(9.81)(20) = 196.2 m, 


and (V,)c = mghc = m(9.81)(0) = 0. 


Conservation of Energy: Using the result of vg? and considering the motion of the 
car from position A to B, 


Tat+Vy,=Tpt+ Vg 


1 
2 mva? (Fela = 
1 
0 + 9.81mh = z (73.575) + 196.2m 


h = 23.75 m 


Also, considering the motion of the car from position B to C, 


Tg + Vg=Tce+ Ve 


1 

z 0e? H (Va) = 

1 1 2 

z (73.575) + 196.2m = z Mc +0 


vc = 21.6 m/s 


A 
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Ans: 
h = 23.75 m 
Uc = 21.6 m/s 
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14-78. 


The spring has a stiffness k = 200 N/m and an unstretched 
length of 0.5 m. If it is attached to the 3-kg smooth collar 
and the collar is released from rest at A, determine the 
speed of the collar when it reaches B. Neglect the size of the 
collar. 


SOLUTION 


Potential Energy. With reference to the datum set through B, the gravitational 
potential energies of the collar at A and B are 

(V.)a = mghy = 3(9.81)(2) = 58.86 J 

(V) = 0 
At A and B, the spring stretches x, = V1.5 + 2-05 =2.00m and 


xg = 1.5 — 0.5 = 1.00 m. Thus, the elastic potential energies in the spring when the 
collar is at A and B are 


1 1 
(Vea = zA = z (200)(2.00°) = 400J 


1 1 
(“a= 5 th = z (200)(1.007) = 100J 


Conservation of Energy. Since the collar is released from rest at A, T4 = 0. 


Ta + V4 = Tg + Vg 


1 
0 + 58.86 + 400 = 70W +0 +100 


vg = 15.47 m/s = 15.5 m/s 
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Ans: 
vg = 15.5 m/s 
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14-79, 


A 2-lb block rests on the smooth semicylindrical surface 
at A. An elastic cord having a stiffness of k = 2 lb/ft is 
attached to the block at B and to the base of the semicylinder 
at C. If the block is released from rest at A, determine the 
longest unstretched length of the cord so the block begins 
to leave the cylinder at the instant 0 = 45°. Neglect the size 
of the block. 


SOLUTION 
Equation of Motion: It is required that N = 0. Applying Eq. 13-8, we have 


2 2 
ZF, = ma,  2cos45 = AE) vw = 34.15 m?/s” 
32.2\1.5 


Potential Energy: Datum is set at the base of cylinder. When the block moves to a 
position 1.5 sin 45° = 1.061 ft above the datum, its gravitational potential energy at 
this position is 2(1.061) = 2.121 ft-lb. The initial and final elastic potential energy 


are 52) [a (1.5) — 1]? and 52) [0.757(1.5) — JJ’, respectively. 


Conservation of Energy: 
XT, + LV, = XT + UV, 


1/ 2 


2\32.2 


0+ 502) [7(1.5) - IP = (35 )eats) + 2.121 + $(2)(0.75m(1.5) - IP 


I = 2.71 ft Ans. 


Ans: 
1 = 2.77 ft 
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*14-80. 


When s = 0, the spring on the firing mechanism is 
unstretched. If the arm is pulled back such that s = 100 mm 
and released, determine the speed of the 0.3-kg ball and the 
normal reaction of the circular track on the ball when 
0 = 60°. Assume all surfaces of contact to be smooth. 
Neglect the mass of the spring and the size of the ball. 


SOLUTION 


Potential Energy. With reference to the datum set through the center of the circular 
track, the gravitational potential energies of the ball when 6 = 0° and 0 = 60° are 


(V,)1 = —mgh; = —0.3(9.81)(1.5) = —4.4145 J 
(V,)2 = —mghy = —0.3(9.81)(1.5 cos 60°) = —2.20725 J 


When 0 = 0°, the spring compress x, = 0.1m and is unstretched when 6 = 60°. 
Thus, the elastic potential energies in the spring when 6 = 0° and 60° are 


(V = kå = 5 (1500)(0.P) = 7.50J 


Vy 
Conservation of Energy. Since the ball starts from rest, T, = 0. 


T+ V,= T+ Vy 


1 
0 + (—4.4145) + 7.50 = 5 (0.3)? + (—2.20725) + 0 


v? = 35.285 m’/s 
v = 5.94 m/s 
Equation of Motion. Referring to the FBD of the ball, Fig. a, 


525) 
1:5 


LF, = ma,; N — 0.3(9.81) cos 60° = 03( 


N = 8.5285 N = 8.53 N 
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k = 1500 N/m 


Ans: 
v = 5.94 m/s 
N = 8.53 N 
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14-81. 


When s = 0, the spring on the firing mechanism is 
unstretched. If the arm is pulled back such that s = 100 mm 
and released, determine the maximum angle 0 the ball will 
travel without leaving the circular track. Assume all surfaces 
of contact to be smooth. Neglect the mass of the spring and 
the size of the ball. 


SOLUTION 


Equation of Motion. It is required that the ball leaves the track, and this will occur 
provided 0 > 90°. When this happens, N = 0. Referring to the FBD of the ball, Fig. a 


; es 
YF, = may; 0.3(9.81) sin (0 — 90°) = 04) k = 1500 N/m 
v? = 14.715 sin (0 — 90°) a) 


Potential Energy. With reference to the datum set through the center of the circular 
track Fig. b, the gravitational potential Energies of the ball when 0 = 0° and 0 are 


(V,)1 = —mgh;, = —0.3(9.81)(1.5) = —4.4145 J 
(V2 = mgh = 0.3(9.81)[1.5 sin (8 — 90°)] 
= 4.4145 sin (0 — 90°) 


When 0 = 0°, the spring compresses x, = 0.1 m and is unstretched when the ball 
is at 0 for max height. Thus, the elastic potential energies in the spring when 0 = 0° 
and 0 are 


V= 5 ke = 5 (1500)(0.2) = 7.50 J 


V) = 0 
Conservation of Energy. Since the ball starts from rest, T, = 0. 
ht My= ht Vy 


1 
0 + (—4.4145) + 7.50 = 5 (0.3)v? + 4.4145 sin (0 — 90°) + 0 


v? = 20.57 — 29.43 sin (0 — 90°) 
Equating Eqs. (1) and (2), 
14.715 sin (0 — 90°) = 20.57 — 29.43 sin (0 — 90°) 
sin (0 — 90°) = 0.4660 
0 — 90° = 27.77° 
0 = 117.77° = 118° 
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14-82. 


If the mass of the earth is M,, show that the gravitational 
potential energy of a body of mass m located a distance r 
from the center of the earth is V, = —GM,m/r. Recall that 
the gravitational force acting between the earth and the 
body is F= G(M,m/r), Eq. 13-1. For the calculation, locate 
the datum at r —> co. Also, prove that F is a conservative 
force. 


SOLUTION 


The work is computed by moving F from position r, to a farther position ry. 


-u =- fra 


Asr > co „let r2 = ri, Fo == F4, then 


-G Mm 
r 


To be conservative, require 


F= 


ð on) 


r 
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14-83. 


A rocket of mass 7n is fired vertically from the surface of the 
earth, i.e., at r = r}. Assuming no mass is lost as it travels 
upward, determine the work it must do against gravity to 
reach a distance r2. The force of gravity is F = GM.m/r? 
(Eq. 13-1), where M, is the mass of the earth and r the 
distance between the rocket and the center of the earth. 


SOLUTION 


Mm 
2 


n dr 
Fdr=GM,.m E 
p r 
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*14-84, 


The 4-kg smooth collar has a speed of 3 m/s when it is at 
s = 0. Determine the maximum distance s it travels before 
it stops momentarily. The spring has an unstretched length 
of 1m. 


SOLUTION 


Potential Energy. With reference to the datum set through A the gravitational 
potential energies of the collar at A and B are 


(Ve)a =0 (V2)B = —mghg = —4(9.81) Sma = —39.24 Smax 
At A and B, the spring stretches x, = 1.5 — 1 = 0.5 m and xg = V 'SŽax + 1.5? — 1. 


Thus, the elastic potential Energies in the spring when the collar is at A and B are 


1 1 
= zP = z (100)(0.5°) = 12.5J 


1 1 
(Vas = 7 = z (100)(V Sina +15 = 1) = S Sra OV Soe PL 328) 
Conservation of Energy. Since the collar is required to stop momentarily at B, 
Tg = 0. 
Ta + V4 = Tz + Vg 


1 
zA) 12.5 = 0 + (—39.24 Smax) + 50( Sax — 2V Sax + 1.52 + 3.25) 


50 Serax — 100V Sax + 1.57 — 39.24 Smax + 132 = 0 
Solving numerically, 


Smax = 1.9554 m = 1.96 m 
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14-85. 


A 60-kg satellite travels in free flight along an elliptical orbit 
such that at A, where r4 = 20 Mm, it has a speed v4 = 40 Mm/h. 
What is the speed of the satellite when it reaches point B, where 
rg = 80 Mm? Hint: See Prob. 14-82, where M, = 5.976(1074) kg 
and G = 66.73(10 1?) m?/(kg- 3°). 


SOLUTION 
va = 40 Mm/h = 11 111.1 m/s 


GM.m 
r 


Since V = — 


T, + V, =7T,+ V2 


66.73(10)'7(5.976)(10)73(60) at 


66.73(10) ~!7(5.976)(10)74(60 
ey 5 (60) (10) **( )(10)""(60) 


80(10)° 
vg = 9672 m/s = 34.8 Mm/h Ans. 


5 (60y(11 111.1) — 


Ans: 
vg = 34.8 Mm/h 
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14-86. 


The skier starts from rest at A and travels down the ramp. If 
friction and air resistance can be neglected, determine his 
speed vg when he reaches B. Also, compute the distance s to 
where he strikes the ground at C, if he makes the jump KX 


traveling horizontally at B. Neglect the skier’s size. He has a \ (X iN (X NNa 
mass of 70 kg. RRS K KX X X 7 


SOLUTION 
Ta F Va = Tg T Vg 


0 + 70(9.81) (46) = $o +0 


v = 30.04 m/s = 30.0 m/s 


(4 Ds = (sy)o + (vo)yt 4 Lad? 


1 
4 + ssin30° = 0 +0 + z C8DË 


(ct)sy = tit 
s cos 30° = 30.04t 

s = 130m 

t= 3.75s 
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14-87. 


The block has a mass of 20 kg and is released from rest 
when s = 0.5 m. If the mass of the bumpers A and B can 
be neglected, determine the maximum deformation of each 
spring due to the collision. 


SOLUTION 


Datum at initial position: 


T, + Vis T+ V2 


0=04 5(500)s% (800) + 20(9.81)|—(s4 + 5g) - 


Also, F, = 500s 4 = 8005 g sa = 1.653 
Solving Eqs. (1) and (2) yields: 
Sg = 0.638 m 


s4 = 1.02m 


0.5] 
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L— ka = 500 N/m 


L_— kg = 800 N/m 
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*14-88. 


The 2-lb collar has a speed of 5 ft/s at A. The attached 
spring has an unstretched length of 2 ft and a stiffness of 
k = 101b/ft. If the collar moves over the smooth rod, 
determine its speed when it reaches point B, the normal 
force of the rod on the collar, and the rate of decrease in its 
speed. 


SOLUTION 


Datum at B: 


Ta + Va = Tg + Vg 


o + ORE — 2) + 2(4.5) = A OE 


vg = 34.060 ft/s = 34.1 ft/s 


/0(3-2)N 
439 
18 vA 


a 


Nn 


Urt 


= 31.623 ft 
|-1| 


2 \/ (34.060) 
—N + 10cos18.43° + 2 cos 71.57° = 


32.2 31.623 


N = 7.84 lb Ans. 


2 
2 sin 71.57° — 10 sin 18.43° = (i 
32.2 


a, = —20.4 ft/s? 


Ans: 

vg = 34.1 ft/s 
N = 7.84 1b 
a, = —20.4 ft/s? 


464 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


14-89. 


When the 6-kg box reaches point A it has a speed of 
v4 = 2m/s. Determine the angle 6 at which it leaves the 
smooth circular ramp and the distance s to where it falls 
into the cart. Neglect friction. 


SOLUTION 
At point B: 


2 
HEFa = may; 6(9.81) cos (o) = (2) 
Datum at bottom of curve: 


TA F Va = Tg F Ve 
FOO? + 6(9.81)(1.2 cos 20°) = $()(05) + 6(9.81)(1.2 cos œ) 


13.062 = 0.5v% + 11.772 cos 


Substitute Eq. (1) into Eq. (2), and solving for vg, 
vg = 2.951 m/s 


(2.951) 
1.2(9.81) 


) = 42.29° 


Thus, d= cos" 


0 = ġ — 20° = 22.3. 


(+1) S = so + wt + 34,0 
1 
—1.2 cos 42.29° = 0 — 2.951(sin 42.29°)t + 7-98) 


4.90507 + 1.98571 — 0.8877 = 0 


Solving for the positive root: t = 0.2687 s 


(+) S = So + vt 


42 2.299 
s = 0 + (2.951 cos 42.29°) (0.2687) REED 


s = 0.587 m 
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14-90. 


When the 5-kg box reaches point A it has a speed 
va = 10m/s. Determine the normal force the box exerts 
on the surface when it reaches point B. Neglect friction and 
the size of the box. 


SOLUTION 


Conservation of Energy. At point B, y = x 


1 1 
x2 + x2 = 3 


9 . ae : ‘ 
Then y = 7 m. With reference to the datum set to coincide with the x axis, the 


gravitational potential energies of the box at points A and B are 


9 
(Va = 0 (V;)s = mghg = 519.81) >) = 110.3625 J 
Applying the energy equation, 
Ta + V4 = Tg + Vg 


1 1 
z OQ) +0= z OW + 110.3625 


vh = 55.855 m/s” 


dy 1 


Equation of Motion. Here, y = (3 = æ) Then, T = 2(3 = x) 
x 


1 


3 3 
1 = -x 2 = —,.At point B,x = 2 oa, This 
2x2 4 


-1 63 = —45° = 45° 


2) 9 3 
dlatm — 2(3) 
The radius of curvature at B is 


[1 + (dy/dxyP [1 + -D7 
BO dyja] 0.4444 


3 
2 


= 6.3640 m 


Referring to the FBD of the box, Fig. a 


55.855 
F, = ma; N—5(981) cos 45° = 5 22> 
alg = ties ie eS 


N = 78.57 N = 78.6 N 
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14-91. 


When the 5-kg box reaches point A it has a speed 
va = 10 m/s. Determine how high the box reaches up the 
surface before it comes to a stop. Also, what is the resultant 
normal force on the surface at this point and the 
acceleration? Neglect friction and the size of the box. 


SOLUTION 


Conservation of Energy. With reference to the datum set coincide with x axis, 
the gravitational potential energy of the box at A and C (at maximum height) are 


(V)a = 0 (Velo = mgh. = 5(9.81)(y) = 49.05y 
It is required that the box stop at C. Thus, T, = 0 


T, + Va = Te + Vo 
1 
ZO)A0) + 0 = 0 + 49.05y 


y = 5.0968 m = 5.10m 


x? + 5.0968? = 3 x = 0.5511 m 


d 1 
Equation of Motion. Here, y = (3 = x!) Then, > E 2(3 = x2) (=) 
Joa 3 ; 
x? = —, At point C,x = 0.5511 m. 
2 2x2 


3 
= — =1- 8c = —71.80° = 71.80° 
dx | x=0.5511 m 0.5512 


Referring to the FBD of the box, Fig. a, 
LF, = ma, ; N — 5(9.81) cos 71.80° 


N = 15.32N 
SE = ma,; —5(9.81) sin 71.80° 
a, = —9.3191 m/s? = 9.32 m/s? N 
Since a, = 0,Then 


= 932 m/s? 
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y 
N 
a 


5.10 m 
15.3N 
9.32 m/s? N 
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*14-92, 


The roller-coaster car has a speed of 15 ft/s when it is at 

the crest of a vertical parabolic track. Determine the car’s 

velocity and the normal force it exerts on the track when it VA =15 i s 
reaches point B. Neglect friction and the mass of the : 
wheels. The total weight of the car and the passengers is 
350 Ib. 


SOLUTION 


ul 


= ~ (40000 — x? 
200! *) 


2, 6 =tan (—2) = —63.43° 
x=200 


Datum at A: 


Tat+V,=Tpt+ Vg 


1/350 iri 
(aaa JOS | = (Joa 350(200) 


vg = 114.48 = 114 ft/s 


= 1118.0 ft 


~ 100 


32.2 


+/2F, = ma,; 350 cos 63.43° — Ng = ( 11180 


350 jae 


Np = 29.1 Ib 


Ans: 
vg = 114 ft/s 
Nz = 29.1 Ib 
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14-93. 


The 10-kg sphere C is released from rest when 0 = 0° and 
the tension in the spring is 100 N. Determine the speed of 
the sphere at the instant 0 = 90°. Neglect the mass of rod 
AB and the size of the sphere. 


SOLUTION 


Potential Energy: With reference to the datum set in Fig. a, the gravitational potential 
energy of the sphere at positions (1) and (2) are (Ve) = mgh, = 10(9.81)(0.45) = 
44.145 J and (V,)2 = mgh = 10(9.81)(0) = 0. When the sphere is at position (1), 


the spring stretches s; = = 0.2 m. Thus, the unstretched length of the spring is 


an 

500 

lo = V0.3" + 0.4 — 0.2 = 0.3 m, and the elastic potential energy of the spring is 
1 


1 
(Ve) = zk = 3 (500)(0.2°) = 10 J. When the sphere is at position (2), the spring 


stretches s) = 0.7 — 0.3 = 0.4m, and the elastic potential energy of the spring is 
1 1 
(Ve) = 3 ks" = 5(500)(0.4") = 40 J. 


Conservation of Energy: 


T, +V,=T,+ V2 


gralo + [(Yah + (Wh = geed + [a + h 


0 + (44.145 + 10) = 00w) + (0 + 40) 


(v) = 1.68 m/s 
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k = 500 N/m 


Ans: 
v = 1.68 m/s 
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14-94, 


A quarter-circular tube AB of mean radius r contains a smooth 
chain that has a mass per unit length of mọ. If the chain is 
released from rest from the position shown, determine its 
speed when it emerges completely from the tube. 


SOLUTION 


Potential Energy: The location of the center of gravity G of the chain at 
positions (1) and (2) are shown in Fig. a. The mass of the chain is 


T T : 2r m-—2 
m = Mmo —r | = — mor. Thus, the center of mass is at h4 = r = J- 


2 2 T T 
With reference to the datum set in Fig. a the gravitational potential energy of the 


chain at positions (1) and (2) are 


T m=2 m-—2 
(Vals = mgh = (Zmes )( 7 )r = ( 5 mag 


(V.)o = mgh, = 0 


Conservation of Energy: 
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14-95. 


The cylinder has a mass of 20 kg and is released from rest 
when h = 0. Determine its speed when h = 3m. Each 


spring has a stiffness k = 40N/m and an unstretched 
length of 2 m. 


SOLUTION 


T+V==ht+ Vv 


0+0=0+2 5 (40)(V¥ + 2 — 27) | — 20(9.81)(3) + Teo 


v = 6.97 m/s 


Ans: 
v = 6.97 m/s 
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*14-96. 


If the 20-kg cylinder is released from rest at h = 0, 
determine the required stiffness k of each spring so that its 
motion is arrested or stops when h = 0.5 m. Each spring 
has an unstretched length of 1 m. 


SOLUTION 
T+Vi= BL+V 


+ 2 Lea 1)? | = 0 — 20(9.81)(0.5) + 2 1 (VEF + (0.5)? — 1)? 
É | (9.81)(0.5) 2 


k = —98.1 + 1.12689 k 
k = 773N/m 


Ans: 
k = 7173 N/m 
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14-97. 


A pan of negligible mass is attached to two identical springs of 
stiffness k = 250 N/m. If a 10-kg box is dropped from a height 
of 0.5 m above the pan, determine the maximum vertical 
displacement d. Initially each spring has a tension of 50 N. 


SOLUTION 


Potential Energy: With reference to the datum set in Fig. a, the gravitational potential 
energy of the box at positions (1) and (2) are (Ve) = mgh, = 10(9.81)(0) = 0 and 
(V,)> = mgh = 10(9.81)|—-(0.5 + d)] = —98.1(0.5 + d). Initially, the spring 
stretches s; = ~~ = 0.2m. Thus, the unstretched length of the spring 


250 
is lo = 1 — 0.2 = 0.8m and the initial elastic potential of each spring is 


1 
(Ve) = 23 ks,* = 2(250 / 2)(0.2°) = 10 J. When the box is at position (2), the 


spring stretches s) = (ve + 17? - 08) m. The elastic potential energy of the 


springs when the box is at this position is 


2. 
(Ve) = (2) 5 key? = 2(250/2)| Va =I - os| = G -16V +1 + L64). 
Conservation of Energy: 


Tit Vi +T + V2 


Lm? + (v), + Wd] = Emt a [ (ve), + on] 


(0+ 10) =04 98.1(0.5 + d) + 250| d — 16Vd? + 1 + 


250d” — 98.1d — 400V d? + 1 + 350.95 = 0 


Solving the above equation by trial and error, 


d = 1.34m 


h,= (o.5td)m 
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15-1. 


A man kicks the 150-g ball such that it leaves the ground at 
an angle of 60° and strikes the ground at the same elevation 
a distance of 12 m away. Determine the impulse of his foot 
on the ball at A. Neglect the impulse caused by the ball’s 
weight while it’s being kicked. 


SOLUTION 


Kinematics. Consider the vertical motion of the ball where 


(so), = sy = 0, (vo), = v sin 60° Î and a, = 9.81 m/s? J, 


1 1 
T) s, = (50)y + (vo) 4 zot: 0 = 0 + vsin 60°%t + 7 98he 


t(v sin 60° — 4.905t) = 0 
Since t # 0, then 
v sin 60° — 4.905¢ = 0 
t = 0.1766 v 
Then, consider the horizontal motion where (vp), = v cos 60°, and (so), = 0, 
) sy = (s)x + (Up) at; 12 = 0 + v cos 60% 


24 
t=— 
Vv 


Equating Eqs. (1) and (2) 
0.1766 v = 2 
v 


v = 11.66 m/s 


Principle of Impulse and Momentum. 


th 
(+7) mv, + zf Fdt = m 
ti 


0 + I = 0.15 (11.66) 
I= 1.749N-s = 1.75N+s 
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15-2. 


A 20-lb block slides down a 30° inclined plane with an 
initial velocity of 2 ft/s. Determine the velocity of the block 
in 3 s if the coefficient of kinetic friction between the block 
and the plane is up = 0.25. 


SOLUTION 


th 
(+N) m(vy) + z Fydt = m(vy)2 
ti 


0 + N(3) — 20 cos 30°(3)=0 N = 17.321b 


t2 
(+7) — m(vy)) + zf Fedt = mwy) 
ti 


20 
3272) + 20 sin 30°(3) — 0.25(17.32)(3) = 


v = 29.4 ft/s 
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Ans: 
v = 29.4 ft/s 
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15-3. 


The uniform beam has a weight of 5000 lb. Determine the 
average tension in each of the two cables AB and AC if the 
beam is given an upward speed of 8 ft/s in 1.5 s starting 
from rest. Neglect the mass of the cables. 


SOLUTION 


) = 6.944 m/s 


[0 + 0] + F(35) = (50 + 75)(10°) (6.944) 


F = 24.8 kN 


Barge: 
) mo + X |F dt = mo; 


0 + T(35) = (75)(10°) (6.944) 
T = 14.881 = 14.9kN 
Also, using this result for 7, 


Tugboat: 


) mo + È | F dt = mo; 


0 + F(35) — (14.881)(35) = (50)(10°) (6.944) 


F = 24.8 kN 


Ans: 
F = 24.8 kN 
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*15—-4, 


Each of the cables can sustain a maximum tension of 
5000 Ib. If the uniform beam has a weight of 5000 lb, 
determine the shortest time possible to lift the beam with a 
speed of 10 ft/s starting from rest. 


SOLUTION 


4 
+7 F, =0; Prax — ($) (5000) = 0 


Prax = 8000 Ib 
(+1) my, + x frar = mv, 


5000 4 
0 + 8000() = 5000) = 555 (10) 
' Sagglb Soak 
goroll 
t = 0.518 s 
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15-5. 


A hockey puck is traveling to the left with a velocity of 
vı = 10 m/s when it is struck by a hockey stick and given a 
velocity of v2 = 20 m/s as shown. Determine the magnitude 
of the net impulse exerted by the hockey stick on the puck. 
The puck has a mass of 0.2 kg. 


SOLUTION 
vı = {-10i} m/s 


v = {20 cos 40°% + 20 sin 40°j} m/s 
I = mAv = (0. 2) {[20 cos 40° — (—10)]i + 20 sin 40°j} 


{5.0642i + 2.5712j} kg- m/s 


I = V (5.0642)? + (2.5712) 


= 5.6795 = 5.68 kg: m/s 


Ans: 
I =5.68N°s 
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15-6. 


A train consists of a 50-Mg engine and three cars, each 
having a mass of 30 Mg. If it takes 80 s for the train to 
increase its speed uniformly to 40 km/h, starting from rest, 
determine the force T developed at the coupling between 
the engine E and the first car A. The wheels of the engine 
provide a resultant frictional tractive force F which gives 
the train forward motion, whereas the car wheels roll freely. 
Also, determine F acting on the engine wheels. 


SOLUTION 


(v,)) = 40 km/h = 11.11 m/s 
Entire train: ` i EMEN il Uae 
(+) M(x) + z fr, dt = m(v,)2 


0 + F(80) = [50 + 3(30)](10°)(11.11) 


F = 19.4 kN 


Three cars: RET Tee 


(+) m(v,); + z fF, dt = m(2) 


0 + T(80) = 3(30)(10*)(11.11) T = 12.5 kN 


Ans: 
F = 19.4 kN 
T = 12.5 kN 
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15-7. 


Crates A and B weigh 100 Ib and 50 lb, respectively. If they 
start from rest, determine their speed when ¢ = 5s. Also, 
find the force exerted by crate A on crate B during the 
motion. The coefficient of kinetic friction between the 
crates and the ground is ug = 0.25. 


SOLUTION 


Free-Body Diagram: The free-body diagram of crates A and B are shown in 
Figs. a and b, respectively. The frictional force acting on each crate is 
(Fra = HUNA = 0.25N4 and (Fr)p = biNe = 0.25 Np. 


Principle of Impulse and Momentum: Referring to Fig. a, 
ty 
(+1) m(v4)y + zf F,dt = m(v»), 
ti 


100 100 
322 9) + MAGS) = 10065) = 3550) 


32.2 
Na = 100 1b 


ty 
M(V1)x + zf F,dt = m(v)y 
ti 


oe (0) + 50(5) — 0.25(100)(5) — Fyp(5) = 2v 


32.2 
v = 40.25 — 1.61 F 4p 


By considering Fig. b, 


(+1) m(V1)y + 3 | ma = m(v)y 


50 50 
322 © + Na) ~ 506) = 355 


N; = 501b 


t2 
m(V)x + zf F.dt = m(v2)x 
ti 


(0) 


50 s 
39.9 ) + Fag(5) — 0.25(50)(5) = Sz’ 


v = 3.22 Fp — 40.25 
Solving Eqs. (1) and (2) yields 


Fg = 16.67 lb = 16.7 lb v = 13.42 ft/s = 13.4 ft/s 


Ans: 
Fup = 16.7 lb 
v = 13.4 ft/s 
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*15-8. 


The automobile has a weight of 2700 lb and is traveling 
forward at 4 ft/s when it crashes into the wall. If the impact 
occurs in 0.06 s, determine the average impulsive force acting 
on the car. Assume the brakes are not applied. If the 
coefficient of kinetic friction between the wheels and the 
pavement is uy = 0.3, calculate the impulsive force on the 
wall if the brakes were applied during the crash.The brakes 
are applied to all four wheels so that all the wheels slip. 


SOLUTION 


Impulse is area under curve for hole cavity. 


i= fra- L68 + 4)(6 — 3) 4 = (8)(10 6) 


= 46 lb-s 


For starred cavity: 


I= fra- > (6)(10 8) 


= 54lb-s 


Ans: 
I= 46lbes 
I = 54lbes 
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15-9. 


The 200-kg crate rests on the ground for which the 
coefficients of static and kinetic friction are u, = 0.5 and 
uk = 0.4, respectively. The winch delivers a horizontal 
towing force T to its cable at A which varies as shown in the 
graph. Determine the speed of the crate when t= 4 s. 
Originally the tension in the cable is zero. Hint: First 
determine the force needed to begin moving the crate. 


SOLUTION 


Equilibrium. The time required to move the crate can be determined by 
considering the equilibrium of the crate. Since the crate is required to be on the 
verge of sliding, Fy = usN = 0.5 N. Referring to the FBD of the crate, Fig. a, 


+? SF, =0; N- 200(9.81)=0 N = 1962 N 


+ 5F,=0; 2(400¢) — 0.5(1962) = 0 t= 1.5037 s 


Principle of Impulse and Momentum. Since the crate is sliding, 
Fy = mN = 0.4(1962) = 784.8 N. Referring to the FBD of the crate, Fig. a 


(+) mujta 1 he =e, 


4s 
0+2 | 4001? dt — 784.8(4 — 1.5037) = 200v 
1.5037 s 


v = 6.621 m/s = 6.62 m/s 


Ans: 
v = 6.62 m/s 
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15-10. 


The 50-kg crate is pulled by the constant force P. If the crate 
starts from rest and achieves a speed of 10 m/s in 5 s, deter- 
mine the magnitude of P. The coefficient of kinetic friction 
between the crate and the ground is ug = 0.2. 


SOLUTION 


Impulse and Momentum Diagram: The frictional force acting on the crate is 
Fy = HN = 0.2N. 


Principle of Impulse and Momentum: 

CD (op, +3 [rae = mo, 
0+ N(5) + P(5) sin 30° — 50(9.81)(5) = 0 
N = 490.5 — 0.5P 
mos z f "Wit =n: 
50(0) + P(5) cos 30° — 0.2N(5) = 50(10) 
4.3301P — N = 500 

Solving Eqs. (1) and (2), yields 
N = 387.97 N 


P =205N 


50118005) 


P) Solio) 
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15-11. 


During operation the jack hammer strikes the concrete surface 
with a force which is indicated in the graph. To achieve this the 
2-kg spike S is fired into the surface at 90 m/s. Determine the 
speed of the spike just after rebounding. 


SOLUTION 


Principle of Impulse and Momentum. The impulse of the force F is equal to the 
area under the F-t graph. Referring to the FBD of the spike, Fig. a 


(+1) mw) + 3 fr, dt = m(vy)> 


2(—90) + ; [ 0.4(10°3) ] | 1500(103) ] = 2v 


v = 60.0 m/s Î 


Ans: 
v = 60.0 m/s 
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*15-12, 


For a short period of time, the frictional driving force acting 
on the wheels of the 2.5-Mg van is Fp = (600¢°) N, where t 
is in seconds. If the van has a speed of 20 km/h when t = 0, 
determine its speed when t = 5s. 


SOLUTION 


Principle of Impulse and Momentum: The initial speed of the van is v4 = [20,0 | 


1h 
EA = 5.556 m/s. Referring to the free-body diagram of the van shown in Fig. a, 


(sj maht f ReaD: 


5s 
2500(5.556) + | 600 dt = 2500 v 
0 


v = 15.6 m/s 


Ans: 
v = 15.6 m/s 
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15-13. 


The 2.5-Mg van is traveling with a speed of 100 km/h when 
the brakes are applied and all four wheels lock. If the speed 
decreases to 40 km/h in 5 s, determine the coefficient of 


kinetic friction between the tires and the road. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the van is shown in Fig. a. The frictional 
force is Fy = uN since all the wheels of the van are locked and will cause the van 
to slide. 


Principle of Impulse and Momentum: The initial and final speeds of the van are 
1h 1h 
v = 100010" = 


3600 s 3600 s 
Referring to Fig. a, 


Jenner mn pone 


| = 11.11 m/s. 


GD mod + f Badi = mor, 
2500(0) + NO) — 2500(9.81)(5) = 2500(0) 
N = 24525N 
m), + 3 { Li ale, 
2500(27.78) f [—4(24525)(5)] = 2500(11.1) 


ug = 0.340 
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15-14. 


A tankcar has a mass of 20 Mg and is freely rolling to the v = 0.75 m/s 
right with a speed of 0.75 m/s. If it strikes the barrier, 
determine the horizontal impulse needed to stop the car if 
the spring in the bumper B has a stiffness (a) k— œ 
(bumper is rigid), and (b) k = 15 kN/m. 


SOLUTION 


a)b) (5) mo, + È | F dt = mo; 


20(10°) (0.75) — [ra =0 


[Fam 1sens Ans. 


The impulse is the same for both cases. For the spring having a stiffness k = 15 kN/m, 
the impulse is applied over a longer period of time than for k > œ. 


Ans: 
I = 15 kN-s in both cases. 
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15-15. 


The motor, M,pulls on the cable with a force F = (10¢7 + 300) 
N, where ż is in seconds. If the 100 kg crate is originally at rest 
at t = 0, determine its speed when ¢ = 4 s. Neglect the mass 
of the cable and pulleys. Hint: First find the time needed to 
begin lifting the crate. 


SOLUTION 


Principle of Impulse and Momentum. The crate will only move when 
3(107 + 300) = 100(9.81). Thus, this instant is £ = 1.6432 s. Referring to the FBD 
of the crate, Fig. a, 


(A) moe S f heen, 


4s 
0+ f 3(10£? + 300) dt — 100(9.81)(4 — 1.6432) = 100v 
1.6432 s 


102° 4s 
(= + soor) — 2312.05 = 100v 
3 1.6432 s 


v = 4.047 m/s = 4.05 m/s Î 


Ans: 
v = 4.05 m/s 


488 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*15-16. 


The choice of a seating material for moving vehicles 
depends upon its ability to resist shock and vibration. From 
the data shown in the graphs, determine the impulses 
created by a falling weight onto a sample of urethane foam 
and CONFOR foam. urethane 


SOLUTION 
CONFOR foam: 


L= i Fdt = Foos i 705 + 0.8)(7 — 2) 4 70.814 — 7) |(10°) 


= 6.55 N- ms 


Urethane foam: 


I, = fr dt = wos ' 


1 -3 
z4 — 1904) (10 ) 


= 6.05 N- ms 


Ans: 
I, = 6.55 N+ ms 
Iy = 6.05 N- ms 
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15-17. 


The towing force acting on the 400-kg safe varies as shown on 
the graph. Determine its speed, starting from rest, when t = 8s. 
How far has it traveled during this time? 


SOLUTION 


Principle of Impulse and Momentum. The FBD of the safe is shown in Fig. a. 


600 
ForO0 =t<5s,F= z! = 120t. 


j aE f Ene, 


t 
OF f 120t dt = 400v 
0 
v = {0.1517} m/s 


v = 0.15(5*) = 3.75 m/s 


F — 600 _ 750 — 600 
tSS 8-5 


For5s<ts8s, , F = 50t + 350. Here, 


(v) = 3.75 m/s and h = 5s. 


(>) mx); + |r, dt = m(V,)2 


t 
400(3.75) + f (50t + 350) dt = 400v 
5s 


{ 0.062517 + 0.875t — 2.1875} m/s 


0.0625(8) + 0.875(8) — 2.1875 = 8.8125 m/s = 8.81 m/s Ans. 
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15-17. Continued 


Kinematics. The displacement of the safe can be determined by integrating 
ds = v dt. For0 = t < 5s, the initial condition is s = 0 at t = 0. 


Ss t 
foe forsa 
0 0 


{0.0527} m 


0.05(5°) = 6.25 m 


For 5s < ¢ < 8s, the initial condition iss = 6.25 matt = 5s. 


Ss t 
f ds = f (0.06251? + 0.875 t — 2.1875) dt 
6 3 


.25 m s 


t 


s — 6.25 = (0.02083: + 0.4375t° — 2.1875t) 


5s 


{0.02083£° + 0.437517 — 2.1875t + 3.6458} m 


0.02083(8°) + 0.4375(8?) — 2.1875(8) + 3.6458 


= 24.8125 m = 24.8 m 


Ans: 
v = 8.81 m/s 
s = 24.8 m 
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15-18. 


The motor exerts a force F on the 40-kg crate as shown in 
the graph. Determine the speed of the crate when ¢ = 3 s 
and when t = 6s.Whent = 0, the crate is moving downward 
at 10 m/s. 


SOLUTION 


Principle of Impulse and Momentum. The impulse of force F is equal to the area 
F- 150 — 450 — 150 
3-0 6-0 


under the F-t graph. At t = 3s, F = 300 N. Referring to the 


FBD of the crate, Fig. a 


(+f) mw) + xf F, dt = m(v,) 


40(—10) + alaso i 300)3)| — 40(9.81)(3) = 40v 


v = —5.68 m/s = 5.68 m/s | 
Att = 6s, 


(+1) mw) + xj ‘F, dt = m(v,) 


40(—10) + 2| Faso 1506) | — 40(9.81)(6) = 40v 4069-61) N 
v = 21.14m/s = 21.1 m/s Î ; (O) 


Ans: 
v|=3s = 5.68 m/s | 
v|--65 = 21.1m/s Î 
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15-19. 


The 30-kg slider block is moving to the left with a speed of 
5 m/s when it is acted upon by the forces F, and F,. If 
these loadings vary in the manner shown on the graph, 
determine the speed of the block at t = 6s. Neglect friction 
and the mass of the pulleys and cords. 


SOLUTION 


Principle of Impulse and Momentum. The impulses produced by F} and F, 
are equal to the area under the respective F—t graph. Referring to the FBD of 
the block Fig. a, 


(5) mv, + f "R, dx = m(2)2 


—30(5) + a100) ' tao + 30)(4 — 2) + 30(6 | 


| 40(4) tao + 40)(6 | = 300 


v = 4.00 m/s > Ans. 


SOGBIN 
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Ans: 
v = 4.00 m/s 
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*15-20. 


The 200-lb cabinet is subjected to the force F = 20(t + 1) Ib 
where ¢ is in seconds. If the cabinet is initially moving to 
the left with a velocity of 20 ft/s, determine its speed when 
t = 5 s. Neglect the size of the rollers. 


SOLUTION 


Principle of Impulse and Momentum. Referring to the FBD of the cabinet, Fig. a 


j Hones J Pt =a 


5s 
200 200 
——~(—20) + p + = — 
30.9 20) + 20 cos 30 ‘ (t+ 1) dt 309” 


v = 28.80 ft/s = 28.8 ft/s > 


Ans: 
v = 28.8 ft/s > 
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15-21. 


If it takes 35 s for the 50-Mg tugboat to increase its speed 
uniformly to 25 km/h, starting from rest, determine the 
force of the rope on the tugboat.The propeller provides the 
propulsion force F which gives the tugboat forward motion, 
whereas the barge moves freely. Also, determine F acting on 
the tugboat. The barge has a mass of 75 Mg. 


SOLUTION 


1000 


System: 


(5) my, + 3 [Fa = m, 


[0+0] + F(35) = (50 + 75)(10°)(6.944) 
F = 24.8kN 
Barge: 
(5) mv, + z [Fa mv 
0 + T(35) = (75)(10°)(6.944) 
T = 14.881 = 14.9 kN 
Also, using this result for T, 


Tugboat: 


(5) mo + 3 | Fa = mo, 


0 + F(35) — (14.881)(35) = (50)(10°) (6.944) 


F = 24.8 kN 
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T = 14.9 kN 
F = 24.8 kN 
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15-22. 


The thrust on the 4-Mg rocket sled is shown in the graph. 
Determine the sleds maximum velocity and the distance the 
sled travels when ¢t = 35 s. Neglect friction. 


SOLUTION 


Principle of Impulse And Momentum. The FBD of the rocket sled is shown in 
Fig. a. For 0 = t < 25s, 


(5) mw) + x fa = mw) 


$ 
0+ f aaar = 4(10°) v 
0 


2 3 
v= 3 (25)? = 83.33 m/s 


T-0  20(10°) — 0 
<t< = 
For 25s < t 35 8, 35 35 — 35 


or T = 2(10°)(35 — 2). 


Here, (v,); = 83.33 m/s and t = 25s. 


(4) mtv), +2 f ian 


t 


4(10°) (83.33) + f 2(10°)(35 — t)dt = 4(10°) v 
25s 


v = {-0.25t? + 17.5t — 197.9167} m/s 


The maximum velocity occurs at t = 35 s, Thus, 
Umax = —0.25(357) + 17.5(35) — 197.9167 
= 108.33 m/s = 108 m/s 
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15-22. Continued 


Kinematics. The displacement of the sled can be determined by integrating 
ds = vdt. For 0 S t < 25s, the initial condition is s = 0 at t = 0. 


Att = 25s, 


4 5 
= —(25)? = 833.33 
Ss T ) m 


For 25 < ¢ < 35s, the initial condition is s = 833.33 att = 25s. 


S t 
n ds = (—0.25¢7 + 17.5t — 197.9167) dt 
8 


33.33 m 25s 
S t 
(—0.08333£° + 8.7517 — 197.9167t) 
833.33 m 25s 
{ —0.0833327 + 8.7547 — 197.9167t + 1614.58} m 
Att = 35s, 
—0.08333(35°) + 8.75(357) — 197.9167(35) + 1614.58 


1833.33 m = 1833 m 


Ans: 
s = 1.83 km 
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15-23. 


The motor pulls on the cable at A with a force 
F = (30 + £?) lb, where ris in seconds. If the 34-Ib crate is 
originally on the ground at ¢ = 0, determine its speed in 
t = 4 s. Neglect the mass of the cable and pulleys. Hint: 
First find the time needed to begin lifting the crate. 


SOLUTION 
30 + 0? = 34 


t = 2s for crate to start moving 


(+1) mv, + x Fa = m, 


4 
0+ f (30 + £ )dt 
2 


Ans: 
v = 10.1 ft/s 
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*15-24, 


The motor pulls on the cable at A with a force F = (e”) lb, 
where ż is in seconds. If the 34-lb crate is originally at rest 
on the ground at t = 0, determine the crate’s velocity when 
t = 2 s. Neglect the mass of the cable and pulleys. Hint: 
First find the time needed to begin lifting the crate. 


SOLUTION 
F = e” = 34 


t = 1.7632 s for crate to start moving 


(+t) mv, + > f rar = m 


$ 34 
0: f e”dt — 34(2 — 1.7632) = =w 
1.7632 32.2 


2 
lz f — 8.0519 = 1.0559 v 
1.7632 


v, = 2.13 m/s 


Ans: 
v = 2.13 m/s 
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15-25. 


The balloon has a total mass of 400 kg including the 
passengers and ballast. The balloon is rising at a constant 
velocity of 18 km/h when h = 10 m. If the man drops the 
40-kg sand bag, determine the velocity of the balloon when 
the bag strikes the ground. Neglect air resistance. 


SOLUTION 


Kinematic. When the sand bag is dropped, it will have an upward velocity of 

km (1000 m)\ / 1h l 4004-81) N 
v = (18 h )( Ikm \( ses) = 5m/s Î. When the sand bag strikes the 
ground s = 10m J. The time taken for the sand bag to strike the ground can be 


determined from 


= So + Vot 


10=0+ 5t+ H 9.8117) 


4.9051? — 5t — 10 = 0 
Solve for the positive root, 
t = 2.0258 s 
Principle of Impulse and Momentum. The FBD of the ballon when the ballon is 
rising with the constant velocity of 5 m/s is shown in Fig. a 
ty 

(+1) (oy + [Rat = mo) 

ti 

400(5) + T(t) — 400(9.81)¢ = 400(5) 
T = 3924N 


When the sand bag is dropped, the thrust T = 3924 N is still maintained as shown 
in the FBD, Fig. b. 


(+1) m(vy), + > f Bar = mw) 


360(5) + 3924(2.0258) — 360(9.81)(2.0258) = 360v 
v = 7.208 m/s = 7.21 m/s Î 


Ans: 
v = 721m/sÎ 
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15-26. 


As indicated by the derivation, the principle of impulse and 
momentum is valid for observers in any inertial reference 
frame. Show that this is so, by considering the 10-kg block 
which slides along the smooth surface and is subjected to a 
horizontal force of 6 N. If observer A is in a fixed frame x, 
determine the final speed of the block in 4 s if it has an initial 
speed of 5 m/s measured from the fixed frame. Compare the 
result with that obtained by an observer B, attached to the x’ 
axis that moves at a constant velocity of 2 m/s relative to A. 


SOLUTION 
Observer A: 


(5) mo + X [rat mo 


10(5) + 6(4) = 10v 
v = 7.40 m/s 
Observer B: 
(5) mot D [ Par= mo, 


10(3) + 6(4) = 100 


v = 5.40 m/s 


Ans: 
Observer A: v = 7.40 m/s 
Observer B: v = 5.40 m/s 
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15-27. 


The 20-kg crate is lifted by a force of F = (100 + 5¢°) N, 
where f is in seconds. Determine the speed of the crate when 
t = 3s,starting from rest. 


SOLUTION 


Principle of Impulse and Momentum. At t = 0, F = 100N. Since at this instant, 
2F = 200 N > W = 20(9.81) = 196.2 N, the crate will move the instant force F is 
applied. Referring to the FBD of the crate, Fig. a, 


(+T) m(vy), + 3 f Bar = mw) 


3s 
0+ 2f (100 + 5t?)dt — 20(9.81)(3) = 20v 
0 


5 35 
2( 1001 3 e) 588.6 = 20v 
0 


v = 5.07 m/s 


Ans: 
v = 5.07 m/s 
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*15-28. 


The 20-kg crate is lifted by a force of F = (100 + 5¢°) N, 
where ¢ is in seconds. Determine how high the crate has 
moved upward when ¢ = 3 s, starting from rest. 


SOLUTION 


Principle of Impulse and Momentum. At t = 0, F = 100N. Since at this instant, 
2F = 200 N > W = 20(9.81) = 196.2 N, the crate will move the instant force F is 
applied. Referring to the FBD of the crate, Fig. a 


(+f) m(vy), + 3 f Bar = mr) 


t 
0+ af (100 + 5¢?)dt — 20(9.81)t = 20v 
0 


5 t 
2( 1001 5r) 196.2t = 20v 
0 


v = {0.166707 + 0.194} m/s 
Kinematics. The displacement of the crate can be determined by integrating 


ds = v dt with the initial condition s = 0 att = 0. 


t 
= | (0.1667 + 0.19t) dt 
0 


s = {0.04167t* + 0.09577} m 


s = 0.04167(3*) + 0.095(3?) = 4.23 m 
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15-29. 


In case of emergency, the gas actuator is used to move a 
75-kg block B by exploding a charge C near a pressurized 
cylinder of negligible mass. As a result of the explosion, the 
cylinder fractures and the released gas forces the front part 
of the cylinder, A, to move B forward, giving it a speed of 
200 mm/s in 0.4 s. If the coefficient of kinetic friction 
between B and the floor is uy = 0.5, determine the impulse 
that the actuator imparts to B. 


SOLUTION vg = 200 mm/s 


Principle of Linear Impulse and Momentum: In order for the package to rest on 
top of the belt, it has to travel at the same speed as the belt. Applying Eq. 15-4, 
we have 


ty 


ae s| a= ale 
ti 


6(0) + Nt — 6(9.81) t = 6(0) 


N = 58.86 N PSCAEIN 


t2 
m(v,) + =f F,.dt = m(v,)2 
ti 


2 - OS5CIDGZSFI) 
6(3) + [-0.2(58.86)t] = 6(1) 
N=7S64 FINN 
t= 1.02s 


m (vx), + >f F, dt = m(v,)> 
0+ / F dt — (0.5)(9.81)(75)(0.4) = 75(0.2) 


pra = 162 N's 


Ans: 
t= 1.02s 
I= 162 N's 
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15-30. 


A jet plane having a mass of 7 Mg takes off from an aircraft 

carrier such that the engine thrust varies as shown by the 40 km/h 
. . . . So 

graph. If the carrier is traveling forward with a speed of 

40 km/h, determine the plane’s airspeed after 5 s. 


SOLUTION 


The impulse exerted on the plane is equal to the area under the graph. 


vı = 40 km/h = 11.11 m/s 


(5) mvt J Rammi 


(D(10)(11.11) — 5 (2)(5)(10°) + 205 + 5)(5 — 2)(10°) = 7(10°),, 


v2 = 16.1 m/s Ans. 


Ans: 
v = 16.1 m/s 
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15-31. 


Block A weighs 10 lb and block B weighs 3 1b. If B is 
moving downward with a velocity (vg); = 3 ft/s at t = 0, 
determine the velocity of A when ¢ = 1 s. Assume that the 
horizontal plane is smooth. Neglect the mass of the pulleys 
and cords. 


SOLUTION 
54 + 25, = 1 


VA = —2vz 


(4) mo, + 3 | Fa = mo, 


10 
32.2 (va) 


10 
z720 - TH) = 


mo, +3 | Rae mos 


3 _ 3 (va) 
322°) 7 30) = 270) 322, 5 ) 


— 32.2T — 10(v,)2 = 60 
— 64.4T + 1.5(v4) = —105.6 
T = 1.40 1b 


(va)2 = —10.5 ft/s = 10.5 ft/s —> 


Ans: 
(v4). = 10.5 ft/s > 
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*15-32. 


Block A weighs 10 lb and block B weighs 3 lb. If B is 
moving downward with a velocity (vg); = 3 ft/s at t = 0, 
determine the velocity of A when t = 1 s. The coefficient of 
kinetic friction between the horizontal plane and block A is 
ba = 0.15. 


SOLUTION 
Sa + 2sp =1 


va = —20vB 


(+) mo + 3 | Pat = mo, 


10 10 
399 23) — TA) + 0.15(10) = (vale 


mo +3 | Fa = mo; 


3 3 (wah 
322 © 7 3) 270 = sl 2 ) 


— 32.2T — 10(v4) = 11.70 
— 64.4T + 1.5(v4)2 = —105.6 
T = 1.50 lb 


(va) = —6.00 ft/s = 6.00 ft/s > 


Ans: 
(va) = 6.00 ft/s -> 
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15-33. 


The log has a mass of 500 kg and rests on the ground for 
which the coefficients of static and kinetic friction are 
Hs = 0.5 and ug = 0.4, respectively. The winch delivers a 
horizontal towing force T to its cable at A which varies as 
shown in the graph. Determine the speed of the log when 
t = 5s. Originally the tension in the cable is zero. Hint: First 
determine the force needed to begin moving the log. 


SOLUTION 


45YF=0; F—0.5(500)(9.81) = 0 


F = 2452.5 N 
500(9.21) N 


coer Fe! 
OSN. << 
2T=F Lae 500 (4.81) N 


2(20017) = 2452.5 
500(4.81) N 
t = 2.476 s to start log moving 2T 
O4N, << 


Tacs $00(.81) M 


mo +E [Pdr = mo 


3 
0+ al 2001? dt + 2(1800)(5 — 3) — 0.4(500)(9.81)(5 — 2.476) = 500v, 
2.476 


3 


Pp 
400(—)| + 2247.91 = 5000 
3 2.476 


v = 7.65 m/s 


Ans: 
v = 7.65m/s 


508 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


15-34. 


The 0.15-kg baseball has a speed of v = 30 m/s just before 
it is struck by the bat. It then travels along the trajectory 
shown before the outfielder catches it. Determine the 
magnitude of the average impulsive force imparted to the 
ball if it is in contact with the bat for 0.75 ms. 


SOLUTION 


(4) ma (Va) + ma(vg)1 = (ma + mgo 


4500 3000 (6) _ 7500 
32.2 32.2 "2 


322 ©) 


v, = —0.600 ft/s = 0.600 ft/s — 


Ans: 
v = 0.6 ft/s — 
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15-35. 


The 5-Mg bus B is traveling to the right at 20 m/s. Meanwhile 
a 2-Mg car A is traveling at 15 m/s to the right. If the 
vehicles crash and become entangled, determine their 
common velocity just after the collision. Assume that the 
vehicles are free to roll during collision. 


SOLUTION 
Conservation of Linear Momentum. 
mava + Mgvg = (m4 + mg)v 
[ 5(103) ](20) + [2(10°) ](15) = [5(10) + 2(103) Ju 
v = 18.57 m/s = 18.6 m/s > 


Ans: 


v = 18.6 m/s > 
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*15-36. 


The 50-kg boy jumps on the 5-kg skateboard with a hori- 
zontal velocity of 5 m/s. Determine the distance s the boy 
reaches up the inclined plane before momentarily coming 
to rest. Neglect the skateboard’s rolling resistance. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the boy and skateboard system is 
shown in Fig. a. Here, W,,W,,, and N are nonimpulsive forces. The pair of impulsive 
forces F resulting from the impact during landing cancel each other out since they are 
internal to the system. 


Conservation of Linear Momentum: Since the resultant of the impulsive force along 
the x axis is zero, the linear momentum of the system is conserved along the x axis. 


(È) Mp(Vp)i + Msp(Vsb)i = (My + Msp)V 

50(5) + 5(0) = (50 + 5)v 

v = 4.545 m/s 
Conservation of Energy: With reference to the datum set in Fig. b, the 
gravitational potential energy of the boy and skateboard at positions A and B are 


(V,)4 = (mp + my)gha = 0 and (V;)g = (mp + myy)ghg = (50 + 5)(9.81)(s sin 30°) 
= 269.775s. 


Ta+V,=Tgpt+ Vg 


Zm, + Myp)V A? + (Vela = Lom + Mpg’ + (Vele 


1 
z (50 + 5)(4.5457) + 0 = 0 + 269.7755 


s=211m 


Wp=50(F81) N 
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15-37. 


The 2.5-Mg pickup truck is towing the 1.5-Mg car using a 
cable as shown. If the car is initially at rest and the truck is 
coasting with a velocity of 30 km/h when the cable is slack, 
determine the common velocity of the truck and the car just 
after the cable becomes taut. Also, find the loss of energy. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the truck and car system is shown in 
Fig. a. Here, W,,Wc, N,, and Nc are nonimpulsive forces. The pair of impulsive forces 
F generated at the instant the cable becomes taut are internal to the system and thus 
cancel each other out. 


Conservation of Linear Momentum: Since the resultant of the impulsive force is 


zero, the linear momentum of the system is conserved along the x axis. The initial 


speed of the truck is (v) = [30010 =| 


1h 


— = 8.333 m/s. 


m,(v%)1 ag mc(vc)1 = (m, + mc)vz 
2500(8.333) + 0 = (2500 + 1500), 


v = 5.208 m/s = 5.21 m/s <— 


Kinetic Energy: The initial and final kinetic energy of the system is 


1 1 
Tı = z m(v)? + z melvc)? 


1 
3 (2500)(8.333°) +0 


86 805.56 J 


= (m, + meo? 
1 2 
3 (2500 + 1500)(5.208°) 


54 253.47 


Thus, the loss of energy during the impact is 


AT = T; — T, = 86 805.56 — 54 253.47 = 32.55(10°)J = 32.6kJ Ans. 
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Ans: 
v = 5.21 m/s<— 
AT = —32.6kJ 
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15-38. 


A railroad car having a mass of 15 Mg is coasting at 1.5 m/s 
on a horizontal track. At the same time another car having 
a mass of 12 Mg is coasting at 0.75 m/s in the opposite 
direction. If the cars meet and couple together, determine 
the speed of both cars just after the coupling. Find the 
difference between the total kinetic energy before and 
after coupling has occurred, and explain qualitatively what 
happened to this energy. 


SOLUTION 


(5) Xm = Sm, 
15 000(1.5) — 12 0000.75) = 27 000(v») 


v, = 0.5 m/s 


T, zas 000)(1.5)? + E 000)(0.75)* = 20.25 kJ 


1 
T 327 000)(0.5)? = 3.375 kJ 


AT=T,-T, 


= 3.375 — 20.25 16.9 kJ 


This energy is dissipated as noise, shock, and heat during the coupling. 


Ans: 
v = 0.5 m/s 
AT = —16.9 kJ 
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15-39. 


A ballistic pendulum consists of a 4-kg wooden block 
originally at rest, 6 = 0°. When a 2-g bullet strikes and 
becomes embedded in it, it is observed that the block swings 
upward to a maximum angle of 0 = 6°. Estimate the speed 
of the bullet. 


SOLUTION 


Just after impact: 


Datum at lowest point. 


Ty Wy = Tyo Vy 


za + 0.002) (vg)} + 0 = 0 + (4 + 0.002)(9.81)(1.25)(1 — cos 6°) 


(vg) = 0.3665 m/s 


For the system of bullet and block: 


(+) Xmv = $ mv 
0.002(vg); = (4 + 0.002)(0.3665) 


(vg), = 733 m/s 


Ans: 
v = 733 m/s 
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*15—-40. 


The boy jumps off the flat car at A with a velocity of 
v = 4ft/s relative to the car as shown. If he lands on the 
second flat car B, determine the final speed of both cars 
after the motion. Each car has a weight of 80 Ib. The boy’s 
weight is 60 lb. Both cars are originally at rest. Neglect the 
mass of the car’s wheels. 


SOLUTION 
( = ) Ym(v1) = Lm(v2) 


80 60 
0 = 37904 t a2 


va = 0.75(Up)x 


Vp = VA F VpjA 


(Up)x = =p + (=) 


(Up)x = 2.110 ft/s 
va = 1.58 ft/s > 
>m(V) = ym(v2) 


60 80 60 
322 7110) (£ ! L) 


v = 0.904 ft/s 


Ans: 
va = 1.58 ft/s > 
v = 0.904 ft/s 
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15-41. 


A 0.03-Ib bullet traveling at 1300 ft/s strikes the 10-lb 

wooden block and exits the other side at 50 ft/s as shown. 5 a ft/s 
Determine the speed of the block just after the bullet exits LS 7 
the block, and also determine how far the block slides 

before it stops. The coefficient of kinetic friction between 

the block and the surface is uw, = 0.5. 


SOLUTION 


( $) Xmv = Èm 


(2) 13003( + 


vg = 3.48 ft/s 
T+ °U.=B O.S50Q=S1b 


yw z = /olb 
(33 ess” 5(d) =0 


d = 0.376 ft 


Ans: 
Ug = 3.48 ft/s 
d = 0.376 ft 
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15-42. 


A 0.03-lb bullet traveling at 1300 ft/s strikes the 10-lb a 50 ft/s 
wooden block and exits the other side at 50 ft/s as shown. 5). LZ 
Determine the speed of the block just after the bullet exits aaa 

the block. Also, determine the average normal force on the 

block if the bullet passes through it in 1 ms, and the time the 

block slides before it stops. The coefficient of kinetic 

friction between the block and the surface is u = 0.5. 


Uae 


SOLUTION 


(+) Èm v = Èm 


(aoh) +0 = (azz) + ($35 )o0(5) 


Up = 3.48 ft/s 


mo, +3 | Fai = mo, 4S lo) = SIb 
N =/01b 
-( as ( $) — 10(1)(10-3) + N(1)(107°) 


N = 504 |b 


more | Pat = Mv, 


(Lew -so = 0 


t = 0.216s 


Ans: 

Vg = 3.48 ft/s 
Nayg = 504 Ib 
t = 0.216s 
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15-43. 


The 20-g bullet is traveling at 400 m/s when it becomes 
embedded in the 2-kg stationary block. Determine the 
distance the block will slide before it stops. The coefficient 
of kinetic friction between the block and the plane is 


SOLUTION 
Conservation of Momentum. 202 GE ) N 


(5) MV, + Mgvg = (M, + mpg)v y 
0.02(400) + 0 = (0.02 + 2)u ? 
v = 3.9604 m/s 


Principle of Impulse and Momentum. Here, friction Fy = uN = 0.2 N. Referring 
to the FBD of the blocks, Fig. a, 


at mos +3 f Rae = mo) 


0 + N(t) — 2.02(9.81)(t) = 0 


N = 19.8162 N 
h 
ES mod +E f Rat = mo) 
ti 


2.02(3.9604) + [-0.2(19.8162)t] = 2.02v 
v = {3.9604 — 1.962t} m/s 
Thus, the stopping time can be determined from 
0 = 3.9604 — 1.962t 
t = 2.0186 s 


Kinematics. The displacement of the block can be determined by integrating 
ds = vdt with the initial condition s = 0 att = 0. 


S t 
fo = f ao — 1.962t) dt 
0 0 


s = {3.9604¢ — 0.98117} m 
The block stopped at t = 2.0186 s. Thus 
s = 3.9604(2.0186) — 0.981(2.01867) 
= 3.9971 m = 4.00 m 
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*15-44. 


A toboggan having a mass of 10 kg starts from rest at A and 
carries a girl and boy having a mass of 40 kg and 45 kg, 
respectively. When the toboggan reaches the bottom of the 
slope at B, the boy is pushed off from the back with a 
horizontal velocity of vp; = 2 m/s, measured relative to 
the toboggan. Determine the velocity of the toboggan 
afterwards. Neglect friction in the calculation. 


SOLUTION 


Conservation of Energy: The datum is set at the lowest point B. When the toboggan 
and its rider is at A, their position is 3 m above the datum and their gravitational 
potential energy is (10 + 40 + 45)(9.81)(3) = 2795.85 N-m. Applying Eq. 14-21, 
we have 


T, + V,=T2.+ V2 


1 
0 + 2795.85 5 (10 + 40 + 45) vz + 0 


vg = 7.672 m/s 


Relative Velocity: The relative velocity of the falling boy with respect to the 
toboggan is vp, = 2 m/s. Thus, the velocity of the boy falling off the toboggan is 


Up = Vr + Upp 


Up = UV; — 2 [1] 


Conservation of Linear Momentum: If we consider the tobbogan and the riders as 
a system, then the impulsive force caused by the push is internal to the system. 
Therefore, it will cancel out. As the result, the linear momentum is conserved along 
the x axis. 


Mvp = Mp vy + ( m, + m, ) v 
(4) (10 + 40 + 45)(7.672) = 45u, + (10 + 40) v, 
Solving Eqs. [1] and [2] yields 
v, = 8.62 m/s 


vp, = 6.619 m/s 
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15-45. 


The block of mass m is traveling at v, in the direction 6, 
shown at the top of the smooth slope. Determine its speed 
v, and its direction 0, when it reaches the bottom. 


SOLUTION 


There are no impulses in the v direction: 
mv; sin 6, = mozsin 02 


Tı+t V,=1T,+ V2 


1 1 
zor + mgh = P +0 


v = Va? + 2gh 


. v sin 04 
sin 0. = — = 


vy + 2gh 
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15-46. 


The two blocks A and B each have a mass of 5 kg and are 
suspended from parallel cords. A spring, having a stiffness 
of k = 60 N/m, is attached to B and is compressed 0.3 m 
against A and B as shown. Determine the maximum angles 
6 and ¢ of the cords when the blocks are released from rest 
and the spring becomes unstretched. 


SOLUTION 


(3) <mv, = mv, 
0+ 0 = —Sv,4 + 5vg 
va = Up = 0 


Just before the blocks begin to rise: 


Tot y= ht Ve 


(0+ 0) + 5(60)(03) = OO l TOO + 0 


v = 0.7348 m/s 


For A or B: 


Datum at lowest point. 


hie Y= Tae Ve 


5 (5)(0.7348)° + 0 = 0 + 5(9.81)(2)(1 — cos 8) 


0 = ġ = 9.52° 
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15-47. 


The 30-Mg freight car A and 15-Mg freight car B are moving 
towards each other with the velocities shown. Determine the 
maximum compression of the spring mounted on car A. 
Neglect rolling resistance. 


SOLUTION 
Wy=30000(GB)N We=/5000(9.81) N 


Conservation of Linear Momentum: Referring to the free-body diagram of the freight x 


cars A and B shown in Fig. a, notice that the linear momentum of the system is con- 
served along the x axis. The initial speed of freight cars A and B are 
1h 


(wa) = 2000) |( 2) = 5.556m/s and (vg) = COHEN) 


= 2.778 m/s. At this instant, the spring is compressed to its maximum, and no relative 
motion occurs between freight cars A and B and they move with a common speed. 


malva) + mg(vg) = (ma + ma)v2 
30(10°)(5.556) + [-1sa0e:7) = 30110" + 15(10°) fo 


v, = 2.778 m/s > 


Conservation of Energy: The initial and final elastic potential energy of the spring 


F 1 ji 1 
is (Ve) = 2 ks? = 0 and (Ve) = 2 ks? T 33)(10")Smase = ISCO Sina 


XTi F XV: = XT, F XV, 


[ymaa + 5 malony? + Vd = 5 (ma + mao? + Voz 


$ (30)(10°)(5.556?) + 5 (15)(10°)(2.778") +0 


= 4) 30(10" + 15(10°) (2.78) + 1.5(106) sma? 


Smax = 0.4811 m = 481 mm Ans. 


Ans: 
Smax = 481 mm 
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*15—-48, 


Blocks A and B have masses of 40 kg and 60 kg, 
respectively. They are placed on a smooth surface and the 
spring connected between them is stretched 2 m. If they are 
released from rest, determine the speeds of both blocks the 
instant the spring becomes unstretched. 


SOLUTION 


(5) mv, = Èm 


0+ 0 = 40ra — 60 rp 


hR+Yrh+Y 


0 + 5 (180)(2)? = 5 (40) (v4)? + 5(60)(v8)" 


va = 3.29 m/s 


Up = 2.19 m/s 
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15-49. 


A boy A having a weight of 80 lb and a girl B having a weight 
of 65 lb stand motionless at the ends of the toboggan, which 
has a weight of 20 Ib. If they exchange positions, A going to B 
and then B going to A’s original position, determine the final 
position of the toboggan just after the motion. Neglect 
friction between the toboggan and the snow. 


SOLUTION 
A goes to B, 


mv, = $ mv 
0 = mava — (m, + mpg)vg 
0 = masa — (m, + mpg)sg 


Assume B moves x to the left, then A moves (4 — x) to the right 


0 = m4(4 — x) — (m, + mg)x 
4m, 
ma + Mmg + m 
4(80) 
~ 80+ 65 + 20 


= 1.939 ft — 


B goes to other end. 


Ymv, = Ymv, imet tha) Va 


0 = -mpvg + (m, Ma)Va 


0 = —mg sz + (m, ma)sa 


Assume B moves x’ to the right, then A moves (4 — x’) to the left 


0 = —m,(4 — x') + (m, + my)x' 


4mp 


ma + mg t m, 
eC) 
80 + 65 + 20 


= 1.576 ft > 


Net movement of sled is 


x = 1.939 — 1.576 = 0.364 ft — 


Ans: 
x = 0.364 ft — 
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15-50. 


A boy A having a weight of 80 lb and a girl B having a weight 
of 65 Ib stand motionless at the ends of the toboggan, which 
has a weight of 20 lb. If A walks to B and stops, and both walk 
back together to the original position of A, determine the final 
position of the toboggan just after the motion stops. Neglect 
friction between the toboggan and the snow. 


SOLUTION 

A goes to B, 

(5) Ymv, = mv 
0 = mava — (m, + mp)vzg 
0 = masa — (Mm, + mp)sg 


Assume B moves x to the left, then A moves (4 — x) to the right 


0 = m4(4 — x) — (m, + mg)x 
4m, 
ma + Mmg +t m 
4(80) 
~ 80 +65 + 20 


= 1.939 ft = 


A and B go to other end. 


( 5 ) mr, = Em 


0 = -mpv — mav + mv; 
0 = —mps — mas + mS; 


Assume the toboggan moves x’ to the right, then A and B move (4 — x’) to the left 


0 = —m,(4 — x’) — my(4 — x’) + m,x' 
4(mg + ma) 
ma + Mmg +t m 
4(65 + 80) 
80 + 65 + 20 


= 3.515 ft > 


Net movement of sled is 


(5) x = 3.515 — 1.939 = 1.58 ft > 


Ans: 
x = 1.58 ft —> 
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15-51. 


The 10-Mg barge B supports a 2-Mg automobile A. If 
someone drives the automobile to the other side of the 
barge, determine how far the barge moves. Neglect the pi 
resistance of the water. | SES RP| 


SOLUTION 


Conservation of Momentum. Assuming that V} is to the left, 


(#4) MAVA =F mMmpgUg 7 0 


2(10%)v4 + 10(10°)vg = 0 


2 VA + 10 UR = 0 
Integrate this equation, 


2s, + 10s =0 (1) 


Kinematics. Here, s4/g = 40m <, using the relative displacement equation by 
assuming that sp is to the left, 


(=) s4=sg+ say 
S4 = Spt 40 

Solving Eq. (1) and (2), 
Sg = —6.6667 m = 6.67 m > 
s4 = 33.33m <— 


The negative sign indicates that s, is directed to the right which is opposite to that 
of the assumed. 
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*15-52. 


The free-rolling ramp has a mass of 40 kg. A 10-kg crate is 
released from rest at A and slides down 3.5 m to point B. If 
the surface of the ramp is smooth, determine the ramp’s 
speed when the crate reaches B. Also, what is the velocity of 
the crate? 


SOLUTION 


Conservation of Energy: The datum is set at lowest point B. When the crate is at 
point A, it is 3.5 sin 30° = 1.75 m above the datum. Its gravitational potential energy 
is 10(9.81)(1.75) = 171.675 N- m. Applying Eq. 14-21, we have 


T+YyV=h+yV 401781) N 


0 + 171.675 = TON + 5 (40)0% ay 


171.675 = 5v% + 20v% AL 


(2) 


Relative Velocity: The velocity of the crate is given by 


N, 
206 f S 
Vo = VRTVC/R 


= —vpi + (vcr COS 30° — vejr sin 30°j) 


(0.8660 vc/p = Up)i = 0.5 vcr] 


The magnitude of vç is 


ve = V (0.8660 vcr = Vp)? + (-0.5 eR) 


= Vere F UR — 1.732 VR UCR (3) 


Conservation of Linear Momentum: If we consider the crate and the ramp as a 
system, from the FBD, one realizes that the normal reaction Nọ (impulsive force) is 
internal to the system and will cancel each other. As the result, the linear momentum 
is conserved along the x axis. 


0 = mc(Uc)y + MRR 
(4) 0 = 10(0.8660 vc) — VR) + 40(—vp) 

0 = 8.660 Vcr — SOvR 
Solving Eqs. (1), (3), and (4) yields 

vg = 1.101 m/s = 1.10 m/s ve = 5.43 m/s 
Ucir = 6.356 m/s 
From Eq. (2) 
Vc = [0.8660(6.356) — 1.101]i — 0.5(6.356)j = {4.403i — 3.178j} m/s 

Thus, the directional angle ¢ of vc is 


_, 3.178 


$ = tan = 358° So . Ans: 


Ng 


ee 


4.403 Ucjr = 6.356 m/s 
$ =358 
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15-53. 


Block A has a mass of 5 kg and is placed on the smooth 
triangular block B having a mass of 30 kg. If the system is 
released from rest, determine the distance B moves from 
point O when A reaches the bottom. Neglect the size of 
block A. 


SOLUTION 
mv, = Emm, 
0 = 30wg — 5(v,4)x 
(Va)x = 6vg 
Ug = V4 + VBJA 
vg = —(Wa)x + (UB/a)x 
vg = —60g + (Upya)x 
(Upja)x = 70g 
Integrate 
(spja)x = 7sg 
(Spya)x = 0.5m 


Thus, 


0.5 
s= 0.0714 m = 71.4 mm —> 
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Ans: 
Sg = 71.4 mm > 
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15-54. 


Solve Prob. 15-53 if the coefficient of kinetic friction 
between A and B is py = 0.3. Neglect friction between 
block B and the horizontal plane. 


SOLUTION 

+NIF, = 0; Na — 5(9.81) cos 30° = 0 
N, = 42.4785 N 

7+XF, = 0; F4 — 5(9.81) sin 30° = 0 
Fy = 24.525 N 


Fras = UNa = 0.3(42.4785) = 12.74 N < 24.525 N 


max 


Block indeed slides. 


Solution is the same as in Prob. 15-53. Since F4 is internal to the system. 


Sg = 71.4 mm > 
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Ans: 
Sg = 71.4 mm > 
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15-55. 


The cart has a mass of 3 kg and rolls freely down the slope. 
When it reaches the bottom, a spring loaded gun fires a 
0.5-kg ball out the back with a horizontal velocity of 
Upje = 0.6 m/s, measured relative to the cart. Determine the 
final velocity of the cart. 


SOLUTION 


Datum at B: 
Ta + Va = Tp + Vg 


0 + (3 + 0.5)(9.81)(1.25) = 50 + 0.5)(vg)3 + 0 


vg = 4.952 m/s 
(+) Xmv = Xmv 


(3 + 0.5)(4.952) = (3)v. — (0.5)vp 


(4) Vp = Ve + Voje 


— vp = v, — 0.6 
Solving Eqs. (1) and (2), 
5.04 m/s <— 


= —4.44 m/s = 4.44 m/s<— 
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Ans: 
v: = 5.04 m/s <— 
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*15-56. 


Two boxes A and B, each having a weight of 160 lb, sit on 
the 500-lb conveyor which is free to roll on the ground. If 
the belt starts from rest and begins to run with a speed of 
3 ft/s, determine the final speed of the conveyor if (a) the 
boxes are not stacked and A falls off then B falls off, and (b) 
A is stacked on top of B and both fall off together. 


SOLUTION 
a) Let v, be the velocity of A and B. 


Èm = Èm 


o= (322) = (39) 


Up = Ve + Ub/c 


Vp = Ve + 3 
Thus, v, = 1.83 ft/s > ve = 1.17 ft/s — 


When a box falls off, it exerts no impulse on the conveyor, and so does not alter the 
momentum of the conveyor. Thus, 


a) ve = 1.17 ft/s — Ans. 


b) v, = 1.17 ft/s — Ans. 
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`= 1.17 ft/s — 


= 1.17 ft/s — 
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15-57. 


The 10-kg block is held at rest on the smooth inclined plane 
by the stop block at A. If the 10-g bullet is traveling at 
300 m/s when it becomes embedded in the 10-kg block, 
determine the distance the block will slide up along the 
plane before momentarily stopping. 


SOLUTION 


Conservation of Linear Momentum: If we consider the block and the bullet as a 
system, then from the FBD, the impulsive force F caused by the impact is internal 
to the system. Therefore, it will cancel out. Also, the weight of the bullet and the 
block are nonimpulsive forces. As the result, linear momentum is conserved along 
the x’ axis. 


7 
_ . i 109-61) N 
Mp(Vp)v = (Mm, + mg) Vy 0-01(989N 7 


0.01(300 cos 30°) = (0.01 + 10) v 39" 
U, #300 m/s 
v = 0.2595 m/s 


Conservation of Energy: The datum is set at the blocks initial position. When the 
block and the embedded bullet is at their highest point they are above the datum. 
Their gravitational potential energy is (10 + 0.01)(9.81)h = 98.1981h. Applying 
Eq. 14-21, we have 


T, + VY, = T, + V2 


1 
0 + (10 + 0.01)(0.2595?) = 0 + 98.1981 


h = 0.003433 m = 3.43 mm 


d = 3.43 / sin 30° = 6.87 mm 


Ans: 
d = 6.87 mm 
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15-58. 


Disk A has a mass of 250 g and is sliding on a smooth 
horizontal surface with an initial velocity (v4); = 2 m/s. 
It makes a direct collision with disk B, which has a mass of 
175 g and is originally at rest. If both disks are of the same 
size and the collision is perfectly elastic (e = 1), determine 
the velocity of each disk just after collision. Show that the 
kinetic energy of the disks before and after collision is the 
same. 


SOLUTION 
(=)  (0.250)(2) + 0 = (0.250)(v4) + (0.175)(vg)> 


1 (ws) = wah 
eS = | 


Solving 
(vah = 0.353 m/s 
(vg) = 2.35 m/s 


5 (0.25)(2? = 0.5 


1 1 
z (0.25)(0.353)° + 5 (0.175)(2.35)° = 0.5 J 


=, Th 
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15-59. 


The 5-Mg truck and 2-Mg car are traveling with the free- 
rolling velocities shown just before they collide. After the 
collision, the car moves with a velocity of 15km/h to the 
right relative to the truck. Determine the coefficient of 
restitution between the truck and car and the loss of energy 
due to the collision. 


SOLUTION 


Conservation of Linear Momentum: The linear momentum of the system is 
conserved along the x axis (line of impact). 


h 
The initial speeds of the truck and car are (v), = faol 10°) =| ) = 8.333 m/s 


3600 s 


and (2); = 10(10) m) = 2.778 m/s. 


By referring to Fig. a, 


(4) mfo) + mdv) = (aya + mele.) 
5000(8.333) + 2000(2.778) = 5000(v,)> + 2000(v.)> 
5(u)2 + 2(v%)2 = 47.22 (1) 


th 


Coefficient of Restitution: Here, (v.;) = fisto) m 


) = 4.167 m/s >. 


Applying the relative velocity equation, 


(Ye)2 T (v2 E (Yej)2 
(>) (v2 = (%)2 + 4.167 


(ve) — (v) = 4167 (2) 
Applying the coefficient of restitution equation, 


(ve) = (w) 
4 = 2 Ne 
i i w — Wi 


_ we) = w) 


e = 8.333 — 2.778 2) 
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15-59. Continued 


Substituting Eq. (2) into Eq. (3), 


4.167 
8.333 — 2.778 


= 0.75 


Solving Eqs. (1) and (2) yields 
(v) = 5.556 m/s 
(ve)2 = 9.722 m/s 


Kinetic Energy: The kinetic energy of the system just before and just after the 
collision are 


1 iL 
2 m (v) i + 2 mV) i 


i 1 
z (5000)(8.333") + z (2000)(2.778°) 
181.33(10°) J 


1 1 
= zre? F z meh? 


5 (6000)(5.556) + 5 (2000)(9.722") 


= 171.68(10°)J 


AT = Ty — T, = 181.33(10°) — 171.68(10°) 
= 9.645(10°) J 


= 9.65 kJ 


Ans: 
e = 0.75 
AT = —9.65 kJ 
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*15-60. 


Disk A has a mass of 2 kg and is sliding forward on the (v4); =5 m/s (Vg); =2 m/s 
smooth surface with a velocity (v4); = 5 m/s when it strikes a 
the 4-kg disk B, which is sliding towards A at (vg); = 2 m/s, 

with direct central impact. If the coefficient of restitution 

between the disks is e = 0.4, compute the velocities of A 

and B just after collision. 


SOLUTION 


Conservation of Momentum : 


ma, (Va), + Mp (vg) = Ma (va) + Mpg (vg) 


(+) 2(5) + 4(-2) = (va) + 4v) 


Coefficient of Restitution : 


_ (wg) — (wah 
(va) — wg) 


(vs) — a) 
(5) a4 = Oe Cae 


Solving Eqs. (1) and (2) yields 


(va) = —1.53 m/s = 1.53 m/s <— (vg)2 = 1.27 m/s > 


= 153 m/s<— 
1.27 m/s > 
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15-61. 


The 15-kg block A slides on the surface for which m, = 0.3. 

The block has a velocity v = 10 m/s when it iss = 4m from 

the 10-kg block B. If the unstretched spring has a stiffness k = 1000 N/m 
k = 1000 N/m, determine the maximum compression of 

the spring due to the collision. Take e = 0.6. 


SOLUTION 


Principle of Work and Energy. Referring to the FBD of block A, Fig. a, 
motion along the y axis gives N4 = 15(9.81) = 147.15 N. Thus the friction is 
Fy = uNa = 0.3(147.15) = 44.145 N. 


T + LU. = D 
Z05010) + (—44.145)(4) = LIN 


(va) = 8.7439 m/s <— 

Conservation of Momentum. 

(&) mawa) + mgs) = mawa) + mgg) 
15(8.7439) + 0 = 15(v4) + 10(vg) 
3(va) + 2(vg)2 = 26.2317 


Coefficient of Restitution. 


(2). pe (ws) — wa), _ ws) = wa) 
(Ya) = ws) l 8.7439 — 0 


(vg)2 == (vah = 5.2463 

Solving Eqs. (1) and (2) 

(vg) = 8.3942 m/s <— (vah = 3.1478 m/s — 
Conservation of Energy. When block B stops momentarily, the compression of the 
spring is maximum. Thus, 7; = 0. 

TY+Vy= Tht Vz 

1 2 1 2 

z (10)(8.3942 )+0=0+ z (1000)xinax 


Xmax = 0.8394 m = 0.839 m 


150981) N 


BHII Oo), 
panen 


Ans: 
Xmax = 0.839 m 
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15-62. 


The four smooth balls each have the same mass m. If A and 
B are rolling forward with velocity v and strike C, explain 
why after collision C and D each move off with velocity v. 
Why doesn’t D move off with velocity 2v? The collision is 
elastic, e = 1. Neglect the size of each ball. 


SOLUTION 
Collision will occur in the following sequence; 
B strikes C 

=mMvVg + MVC 


—UB F vc 


Uc = V, 


C strikes D 


Ans. 


Note: If D rolled off with twice the velocity, its kinetic energy would be twice the 


1 1 1 
energy available from the original two A and B: (m H xine Hev) 
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15-63. 


The four balls each have the same mass m. If A and B are 
rolling forward with velocity v and strike C, determine the 
velocity of each ball after the first three collisions. Take 
e = 0.5 between each ball. 


SOLUTION 
Collision will occur in the following sequence; 
B strikes C 
MvUB + MV: 
= Vg + Uc 


Uc — UB 
e = 05 = ——— 
v 


Uc = 0.750 >, vg = 0.250 > 
C strikes D 


m(0.75v) = mvc + mvp 


Uc = 0.18750 > 
vp = 0.56250 > 
A strikes B 


(5) mv + m(0.25v) = mva + mvg 


$ _ VBZ Va 
=) p= (v — 0.250) 


vg = 0.81250 >, va = 0.43750 > 


Ans: 
Uc = 0.18750 > 
= 0.5625 > 
0.8125 > 
0.43750 > 


539 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*15-64, 


Ball A has a mass of 3 kg and is moving with a velocity of 
8 m/s when it makes a direct collision with ball B, which has 
a mass of 2 kg and is moving with a velocity of 4 m/s. 
If e = 0.7, determine the velocity of each ball just after the 
collision. Neglect the size of the balls. 


SOLUTION 


Conservation of Momentum. The velocity of balls A and B before and after impact 
are shown in Fig. a 


(5) mawa) + mvs) = mawa) + ma(vp)2 


3(8) + 2(-4) = 3v4 + wg 
3wa F 20g = 16 
Coefficient of Restitution. 


+, _ wsh = a) | _ = UA 
( ) (wa) — ws)’ me a= (74) 


Ug — V4 = 8.4 


Solving Eqs. (1) and (2), 
Vg = 8.24 m/s > 


va = —0.16m/s = 0.160 m/s <— 


= 8.24m/s > 
= 0.160 m/s <— 
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15-65. 


A 1-lb ball A is traveling horizontally at 20 ft/s when it 
strikes a 10-lb block B that is at rest. If the coefficient of 
restitution between A and B is e = 0.6, and the coefficient 
of kinetic friction between the plane and the block is 
uk = 0.4, determine the time for the block B to stop sliding. 


SOLUTION 
(+) Èm v = Èm 


(zz) ros (zz) (3) 


(va) + 10(vg)2 = 20 


(+) g= (vs) — (vah 


7 (v4)1 — (vg) 


‘: (wg) — (wah 
~ 20-0 


0.6 
(vs) — (wah = 12 
Thus, 
(vg)2 = 2.909 ft/s = 
(va) = —9.091 ft/s = 9.091 ft/s — 


Block B: 


(+) mo + fr dt = mo 


10 
~~ }(2.909) — 4t = 0 
(So) ie 


t = 0.226s 
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15-66. 


Block A, having a mass m, is released from rest, falls a 
distance h and strikes the plate B having a mass 2m. If the 
coefficient of restitution between A and B is e, determine 
the velocity of the plate just after collision. The spring has 
a stiffness k. 


SOLUTION 


Just before impact, the velocity of A is 


T, + Vis T+ V2 
1 2 
0 + 0= Zmv4 — mgh 


v4 = V2gh 


2 (vga)2 — vak 
V2gh 
eV 2gh = (vg) — (Va)2 


(+1) 


(+1) Xmv = Xmv, 
m(va) + 0 = m(vah + 2m(vg)h 


Solving Eqs. (1) and (2) for (vp), yields; 


(van = V2gh(1 + e) 


Ans: 
(n) = = VZO + 0) 
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15-67. 


The three balls each weigh 0.5 Ib and have a coefficient of 
restitution of e = 0.85. If ball A is released from rest and 
strikes ball B and then ball B strikes ball C, determine the 
velocity of each ball after the second collision has occurred. 
The balls slide without friction. 


SOLUTION 
Ball A: 


Datum at lowest point. 


(va) = 13.90 ft/s 


Balls A and B: 
(+) Èm = Èm 


0.5 
SEDE 


(5) me (vg) — wah) 


(va) — (vB) 


0.85 = (vs) — (va) 
13.90 — 0 
Solving: 
= 1.04 ft/s 
= 12.86 ft/s 


Balls B and C: 


( 5 ) Èmv, = =mv3 


0.5 
(55 5)(12.86) 


Solving: 
= 0.964 ft/s 


11.9 ft/s 
Ans: 
(vah = 1.04 ft/s 
(vg)3 = 0.964 ft/s 
(vc) = 11.9 ft/s 
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*15-68. 


A pitching machine throws the 0.5-kg ball toward the wall 
with an initial velocity v4, = 10 m/s as shown. Determine 
(a) the velocity at which it strikes the wall at B, (b) the 
velocity at which it rebounds from the wall if e = 0.5, and 
(c) the distance s from the wall to where it strikes the ground 
at C. 


SOLUTION 


(a) 
(vg) = 10 cos 30° = 8.660 m/s > 


S = So + Vot 

3 = 0 + 10 cos 30°t 

t = 0.3464 s 

V = Vy + at 

(vg)y: = 10 sin 30° — 9.81(0.3464) = 1.602 m/s Tf 


1 


= 2 
S So + Vot 4 at 
0 0 2 c 


r 1G OR fy ws) 
h = 1.5 + 10 sin 30°(0.3464) — 5-(9.81)(0.3464)° A = 


= 2.643 m 8.660 A fe 


(vg), = V(1.602) + (8.660)? = 8.81 m/s A N 


hbar mg 
= ran (1602) = 10.5° Z | NN | 


4, Sham /¢ 


_ (wsh = wah, 05 = (vsx)2 — 0 
(wa) = wB) 0 — (8.660) 


= 4.330 m/s<— 
= (vgy) = 1.602 m/s Î 


= V(4.330)? + (1.602)? = 4.62 m/s 


—2.643 = 0 + 1.602(t) — 3(9.81)(0? 


t = 0.9153 s 


& = 
( ) s So + Vot P 
s = 0 + 4.330(0.9153) = 3.96 m s (vg), = 8.81 m/s 
6, = 10.5° Z 
(vg)2 = 4.62 m/s 
b = 209s 
s = 3.96 m 
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15-69. 
A 300-g ball is kicked with a velocity of v,=25 m/s at point A va = 25 m/s 


as shown. If the coefficient of restitution between the ball and Y's 
the field is e = 0.4, determine the magnitude and direction 0 0 30 


of the velocity of the rebounding ball at B. B A 


SOLUTION 


Kinematics: The parabolic trajectory of the football is shown in Fig. a. Due to the 
symmetrical properties of the trajectory, vg = v4 = 25 m/s and ¢ = 30°. 


Conservation of Linear Momentum: Since no impulsive force acts on the football 
along the x axis, the linear momentum of the football is conserved along the x axis. 


(+) mlos) = mos) 
0.3(25 cos 30°) = 0.3 (vh); 
(CAR = 21.65 m/s <— 
Coefficient of Restitution: Since the ground does not move during the impact, the 
coefficient of restitution can be written as 
0-(v's)y 
(ve) — 0 


-(v5)y 


~ T25 sin 30° 


(+1) e= 


0.4 


(v's), = 5m/s Tt 


Thus, the magnitude of v} is 


vg = Vv) + (Up)y = V21.65 + 5 = 22.2 m/s 


and the angle of v is 
(vs) 


y 5 
= tan! - | = tan! = 13.0° 
tae (ob). o (35) 


Ans: 
vg = 22.2 m/s 
0 = 13.0° 
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15-70. 


Two smooth spheres A and B each have a mass m. If A is 
given a velocity of vp, while sphere B is at rest, determine 
the velocity of B just after it strikes the wall. The coefficient 
of restitution for any collision is e. 


SOLUTION 


Impact: The first impact occurs when sphere A strikes sphere B. When this occurs, the 
linear momentum of the system is conserved along the x axis (line of impact). 
Referring to Fig. a, 
Gas) mava + Mmgvg = Ma(V4), + Mpa(VB)1 

mvy + 0 = m(va) + m(vg) 


(va) + (Yah = vo 


Z (vs) — wa) 
gS aA 


Va — UB 


_ (vp) — Walt 
= Vo — O 


(vg) — Wah = evo 


Solving Eqs. (1) and (2) yields 


(va) = C u> 


The second impact occurs when sphere B strikes the wall, Fig. b. Since the wall does 
not move during the impact, the coefficient of restitution can be written as 


E A 


cages fe we Just after -Just before 
(4) 
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Just after 
Second impact 


Ans: 


(vg)2 = 3 


e(1 + e) 


Vo 
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15-71. 


It was observed that a tennis ball when served horizontally 
7.5 ft above the ground strikes the smooth ground at B 20 ft 
away. Determine the initial velocity v4 of the ball and the 
velocity vz (and @) of the ball just after it strikes the court at 
B.Take e = 0.7. 


SOLUTION 
(5) S = So + Ut 


20 = 0 + vt 


(+1) s=% 


i! 
75=0+04 7 32.2)0° 


t = 0.682524 

va = 29.303 = 29.3 ft/s 

Upx1 = 29.303 ft/s 

vV = Ut at 

Upy1 = 0 + 32.2(0.68252) = 21.977 ft/s 
mo = mv 
Up = UBix = 29.303 ft/s > 


Upy2 
e= 
UBy1 


UBy2 


=o man 15.384 ft/s Î 


vg2 = V (29.303)? + (15.384)? = 33.1 ft/s 


_, 15.384 


=t 
@= tan 39303 


=27.7 æ 
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Ans: 

va = 29.3 ft/s 
UB2 = 33.1 ft/s 
0 = 2T 4 
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*15-72. 


The tennis ball is struck with a horizontal velocity v4, 
strikes the smooth ground at B, and bounces upward at 
0 = 30°. Determine the initial velocity v4, the final velocity 
vg, and the coefficient of restitution between the ball and 
the ground. 


SOLUTION 


(+1) vw = vy + 2a.(s — so) 


(Upy)t = 0 + 2(32.2)(7.5 — 0) 
vgy, = 21.9773 m/s 

vV = wW + at 

21.9773 = 0 + 32.2 t 

t = 0.68252 s 

S = So t wt 

20 = 0 + v4 (0.68252) 

va = 29.303 = 29.3 ft/s 

mv = m 

UBx2 = Vgxı = VA = 29.303 

vg, = 29.303/cos 30° = 33.8 ft/s 
Upy2 = 29.303 tan 30° = 16.918 ft/s 


UBy2 16.918 


py: 21.9773 


= 0.770 


e= 


Ans: 

va = 29.3 ft/s 
vg, = 33.8 ft/s 
e = 0.770 
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15-73. 


Two smooth disks A and B each have a mass of 0.5 kg. If 
both disks are moving with the velocities shown when they 7 
collide, determine their final velocities just after collision. (va) = 6 m/s 


a6 
e 
A 


The coefficient of restitution is e = 0.75. 


SOLUTION 


(5) mv, = mv 


(vg), = 4 m/s 


050) — 0.5(6) = 0.5(vg)oy + 0.5(vy4)ox 
ee (vah — (veh 
(vg); — (va) 
(vax — (ve) 
4(3) — (-6) 
(va) = 1.35 m/s > 


0.75 = 


(vg)2x = 4.95 m/s = 


mv, = Mv 
4 
0.5G)(4) = 0.5(vg)oy 


(vg)2y = 3.20 m/s Î 
va = 1.35 m/s > 


vg = V(4.59) + (3.20)? = 5.89 m/s 


3.20 
tan! 19 32.9 SS 


Ans: 

va = 1.35 m/s > 
vg = 5.89 m/s 

0 = 329P S 
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15-74. 

Two smooth disks A and B each have a mass of 0.5 kg. If 
both disks are moving with the velocities shown when they 
collide, determine the coefficient of restitution between the 


disks if after collision B travels along a line, 30° 
counterclockwise from the y axis. 


SOLUTION 


Èmv = Xmv 


(5) OSWÈ) -= 056) = -0.5v + 05(4)rs 


3.60 = (VB)2x t (vax 
059)Ġ = 0.5(vg)2y 


(vg)2y = 3.20 m/s Î 
(vg)ox = 3.20 tan 30° = 1.8475 m/s — 
(v4)ox = —1.752 m/s = 1.752 m/s — 


_ (vah F (vg) 
(va) B (va) 
—1.752—(—1.8475) 

ne 
4(5)—(—6) 


= 0.0113 
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(v4)1 = 6 m/s 


=s 
eo 
5 A 


(vg) =4m/s 


Ans: 
e = 0.0113 
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15-75. 


The 0.5-kg ball is fired from the tube at A with a velocity of 
v = 6m/s. If the coefficient of restitution between the ball 
and the surface is e = 0.8, determine the height h after it 
bounces off the surface. 


SOLUTION 


Kinematics. Consider the vertical motion from A to B. 
(+1) (vg); = (va)y + 2a[(s8)y — (Sa)y] s 
(vg), = (6 sin 30°)? + 2(—9.81)(—2 — 0) 
(vg), = 6.9455 m/s | 


Coefficient of Restitution. The y-component of the rebounding velocity at B is (v'g)y 
and the ground does not move. Then 


_ (V,)2 ~ (v'a)y . o= (v'B)y 


M ys Uh a Saa 


(v'a); = 5.5564 m/s Î 
Kinematics. When the ball reach the maximum height / at C, (v,), = 0. 
(+1) Ww) = w'a) + 2adlse)y — (Sa)y] 5 
0? = 5.5564? + 2(—9.81)(h — 0) 
h = 1574m = 1.57 m 
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*15-76. 


A ball of mass m is dropped vertically from a height ho 
above the ground. If it rebounds to a height of h4, determine 
the coefficient of restitution between the ball and the 
ground. 


SOLUTION 


Conservation of Energy: First, consider the ball’s fall from position A to position B. 
Referring to Fig. a, 


TA + Va = Tg + Ve 

1 
5 z mvg + (Vas 
0 + mg(ho) = zma) +0 


moy t (Ve)a — 


Subsequently, the ball’s return from position B to position C will be considered. 
Tg + Vg = Te + Ve 


1 
2 


il 
mog H (V)B = z moc H (Vee 


1 
5 mO +0 = 0 + mgh 


(vg) = V2ghı t 


Coefficient of Restitution: Since the ground does not move, 


we ws) 


(va) 


V2ghı _ hy 
—V2gho ho 


(+1) 
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15-77. 

The cue ball A is given an initial velocity (v4); = 5 m/s. If 
it makes a direct collision with ball B (e = 0.8), determine 
the velocity of B and the angle 0 just after it rebounds from 


the cushion at C (e’ = 0.6). Each ball has a mass of 0.4 kg. 
Neglect their size. 


SOLUTION 


Conservation of Momentum: When ball A strikes ball B, we have 


maa) + Mmg(vg) = mava) + Mp(V~g)2 


0.4(5) + 0 = 0.4(v,4)2 + 0.4(vg)2 
Coefficient of Restitution: 


= (wsh — wah 
(v4) = wg) 


(vs) — (va) 

0.8 =M 
= 0 
Solving Eqs. (1) and (2) yields 


(va) = 0.500 m/s — (vg) = 4.50 m/s 
Conservation of “y” Momentum: When ball B strikes the cushion at C, we have 


mp(vz,)2 = ma(vz,)s 


(+1) 0.4(4.50 sin 30°) = 0.4(vg)3 sin 0 
(vg); Sin @ = 2.25 


Coefficient of Restitution (x): 


E (we) — wB.) 


fT wsh — wo) 


_ 0— [=(vs); cos0] 
4.50 cos 30° — 0 


(&) 0.6 


Solving Eqs. (1) and (2) yields 


(vg); = 3.24m/s 6 = 43.9° 
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Ans: 
(vg) = 3.24 m/s 
0 = 43.9° 
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15-78. 


Using a slingshot, the boy fires the 0.2-lb marble at the 
concrete wall, striking it at B. If the coefficient of restitution 
between the marble and the wall is e = 0.5, determine the 
speed of the marble after it rebounds from the wall. 


SOLUTION 


Kinematics: By considering the x and y motion of the marble from A to B, Fig. a, 


(+) (sp)x = (sa)x + (va)at 


100 = 0 + 75 cos 45° t 


t = 1.886 s 


(+1) (ss), 7 (sa) l (va)yt 
(sg), = 0 + 75 sin 45°(1.886) + 5 3290.886) 


= 42.76 ft 


and 


(+1) (up), = (v4), + ayt 


(vg)y = 75 sin 45° + (—32.2)(1.886) = —7.684 ft/s = 7.684 ft/s | 


Since (vp) = (v4), = 75 cos 45° = 53.03 ft/s, the magnitude of vp is 


vp = V(vp)x? + (vg)y? = V53.03? + 7.6847 = 53.59 ft/s 


and the direction angle of vz is 


(vp), 
(vp) 


Conservation of Linear Momentum: Since no impulsive force acts on the marble 
along the inclined surface of the concrete wall (x’ axis) during the impact, the linear 
momentum of the marble is conserved along the x’ axis. Referring to Fig. b, 


(+7) mp Vp) x = ma( vp) x 


6 = tan! 


0.2 a _ 0.2 
355 (53-59 sin 21.756") = 


vz cos p = 19.862 
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Co). =lo0ft 


(a) 
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15-78. Continued 


Coefficient of Restitution: Since the concrete wall does not move during the impact. 
the coefficient of restitution can be written as 


(+8) 


0.5 


~ —53.59 cos 21.756° 
vz sin ġ = 24.885 
Solving Eqs. (1) and (2) yields 


vz = 31.8 ft/s 


Ans: 
vg = 31.8 ft/s 
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15-79. 


respectively. If they collide with the initial velocities shown, 
determine their velocities just after impact. The coefficient 


of restitution is e = 0.65. 
(va) = 6 Es A Line of impact 


SOLUTION 


The two disks A and B have a mass of 3 kg and 5 kg, 
(vg) =7 aA 


(vax) = 6m/s (vay) =0 


(vsx) = —7 cos 60° = —3.5 m/s (vsy)ı = —7 cos 60° = —6.062 m/s 


(+) ma(vax)1 + mp(vpx)1 = MAWVax)2 + Ma(veBx)2 
3(6)—5(3.5) = 3(v4)x2 + S(vB) 2 


+ 2 (vsx) — (vax)2, Z (vsx) — Uax)2 
( ) E Z An o 


(we) — (Vax)2 = 6.175 
Solving, 
(vax) = —3.80m/s (vg) = 2.378 m/s 
ŒD ma(vayj + ma(vay)o 
(vah = 0 
(+1) mp(vey)i + ma(vay)2 
(vgy)2 = —6.062 m/s 
(va) = V(B.80) + (0)? = = 3.80 m/s — 


(vg). = V(2.378)? + (—6.062)2 = 6.51 m/s 


_, / 6.062 n 
(8g) = tan 1 (9) = 68.6 


Ans: 

(va) = 3.80 m/s — 
(vp)2 = 6.51 m/s 
(03)2 = 68.6° 
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*15-80. 


A ball of negligible size and mass m is given a velocity of vy 
on the center of the cart which has a mass M and is originally 
at rest. If the coefficient of restitution between the ball and 
walls A and B is e, determine the velocity of the ball and the 
cart just after the ball strikes A. Also, determine the total 
time needed for the ball to strike A, rebound, then strike B, 
and rebound and then return to the center of the cart. 
Neglect friction. 


SOLUTION 


After the first collision; 


Smo = mv 
0 + mv = mv, + Mv. 


Uc — Up 


— evo 


M) 


mk me elt) 


The relative velocity on the cart after the first collision is 


ref 


Vo 


e= 


Vref = eVo 
Similarly, the relative velocity after the second collision is 


ref 


evo 


e= 


= p 
Vref = e Vo 


Total time is 


t= 
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15-81. 


The girl throws the 0.5-kg ball toward the wall with an 
initial velocity v4 = 10 m/s. Determine (a) the velocity at 
which it strikes the wall at B, (b) the velocity at which it 
rebounds from the wall if the coefficient of restitution 
e = 0.5, and (c) the distance s from the wall to where it 
strikes the ground at C. 


SOLUTION 


Kinematics: By considering the horizontal motion of the ball before the impact, 
we have 


(+) Sr = (So)x + Prt 
3 = 0 + 10 cos 30°t t = 0.3464 s 
By considering the vertical motion of the ball before the impact, we have 
(+f) Vy = (vo)y + (ac)yt 
10 sin 30° + (—9.81)(0.3464) 


1.602 m/s 


The vertical position of point B above the ground is given by 


1 
(+1) Sy = (so)y ? (vo) t i AONA (U), 8-807 m/s 


1 
(sg)y = 1.5 + 10 sin 30°(0.3464) + 5 (-9.81)(0.3464") = 2.643 m 


Thus, the magnitude of the velocity and its directional angle are 


(vp): = V(10 cos 30°)? + 1.602? = 8.807 m/s = 8.81 m/s Ans. 


1.602 


6 = tan! 
10 cos 30 


= = 10.48° = 10.5° Ans. 


Conservation of “y” Momentum: When the ball strikes the wall with a speed of 
(vp) = 8.807 m/s, it rebounds with a speed of (vp)>. 
Mp (vs )1 = Mp (vp,)> 
(+) mp (1.602) = my | (v) sin | 
(vp) sin d = 1.602 


Coefficient of Restitution (x): 


[- w) cos | 
10 cos 30° — 0 
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15-81. Continued 


Solving Eqs. (1) and (2) yields 


œ = 20.30° = 20.3° (vp)2 = 4.617 m/s = 4.62 m/s Ans, 


Kinematics: By considering the vertical motion of the ball after the impact, we have 


GD 5) = Gay + (Moy +F a) P 


1 
-2.643 = 0 + 4.617 sin 20.30°r, + 5(-9.81)¢j 


ti = 0.9153 s 


By considering the horizontal motion of the ball after the impact, we have 
(+) Sy = (So)x + Vrt 


s = 0 + 4.617 cos 20.30°(0.9153) = 3.96 m 


Ans: 

(a) (vg); = 8.81 m/s, 0 = 10.5° Z 
(b) (vg)2 = 4.62 m/s, ġ = 20.3° SX 
(c) s = 3.96 m 
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15-82. 


The 20-lb box slides on the surface for which yp, = 0.3. The 
box has a velocity v = 15 ft/s when it is 2 ft from the plate. 
If it strikes the smooth plate, which has a weight of 10 Ib and 
is held in position by an unstretched spring of stiffness 
k = 400 lb/ft, determine the maximum compression 
imparted to the spring. Take e = 0.8 between the box and 
the plate. Assume that the plate slides smoothly. 


SOLUTION 


f+ DU+.=f 


; & -) a5? = 03200 = 5 ( mI -e 


v2 = 13.65 ft/s 


(5) Èm = Xm, 0.3(20) Ib 


(2) ass) - ee 10 
32.2 32.2) A T 399 "8 = 


_ (%)2 — wah 
(va) — (vg) 

Up — U4 
13.65 


0.8 = 


Solving, 
Up = 16.38 ft/s, va = 5.46 ft/s 
T+YV=ht+Y, 


H) (16.387 +0=0+ż>= 5 4006} 


s = 0.456 ft 


Ans: 
s = 0.456 ft 
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15-83. 


The 10-lb collar B is at rest, and when it is in the position 
shown the spring is unstretched. If another 1-lb collar A 
strikes it so that B slides 4 ft on the smooth rod before 
momentarily stopping, determine the velocity of A just after 
impact, and the average force exerted between A and B 
during the impact if the impact occurs in 0.002 s. The 
coefficient of restitution between A and B is e = 0.5. 


k = 20 lb/ft 


SOLUTION 


Collar B after impact: 


RtV=B+V 


(a5) o} 


(vg)2 = 16.05 ft/s 


System: 


(+) Èm, = Èm v2 


1 1 10 
Ege 16.05 
30. Vani 30.9 Wale + 359 16.05) 


(va)1 = (Va)2 = 160.5 

(vs) — (va) 

(va)i — (vs) 
16.05 — (va) 

7 (va) — 0 


0.5(v4)1 F (va) = 16.05 


AS 


Solving: 
(v4) = 117.7 ft/s = 118 ft/s > 


(va) = —42.8 ft/s = 42.8 ft/s <— 


Collar A: 


(+) mvi + [Pdr = mvs 


(za — F(0.002) = (s55)(-428) 


F = 2492.2 lb = 2.49 kip 


Ans: 
(va) = 42.8 ft/s p 
F = 2.49 kip 
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*15-84, 


A ball is thrown onto a rough floor at an angle 6. If it rebounds 
at an angle @ and the coefficient of kinetic friction 
is u, determine the coefficient of restitution e. Neglect the size 
of the ball. Hint: Show that during impact, the average 
impulses in the x and y directions are related by I, = pl). 
Since the time of impact is the same, F, At = uF, At or 
F, = uF, 


SOLUTION 


0 — [~v sin ġ] osing 


: e : 
v, sind — 0 vı sin 0 


(+l) e= 


t, 
mo) + [Rae = mo) 
ti 


mv, cos 0 — F, At = mv, cos > 


MV, cos 0 — mv, cos o 
At 


R= 


b 
m(vy)ı + f F, dx = m(vy)2 
ti 


mv sin 0 — F, At = -mv sin 


P mv, sin 0 + mv, sin d 
4 At 


Since F, = u=, from Eqs. (2) and (3) 


mv, cos 8 — mv, coso (mv, sin ð + mv: sin $) 
At At 


v  cos0 — usin0 


v  psing + coso 
Substituting Eq. (4) into (1) yields: 


eee —— 
sin \ usino + cos o 


Ans: 


mne (cse ee) 
sin @ asin ġ + cos o 
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15-85. 


A ball is thrown onto a rough floor at an angle of 0 = 45°. If 
it rebounds at the same angle ¢ = 45°, determine the 
coefficient of kinetic friction between the floor and the ball. 
The coefficient of restitution is e = 0.6. Hint: Show that 
during impact, the average impulses in the x and y 
directions are related by J, = wJ,. Since the time of impact 
is the same, F, At = uF, At or F= uF. 


SOLUTION 


_ 0— [~v sin ġ] osing 


(+1) 


vı sin — 0 v sin 0 


(=) M(x), + [re = m(V,)2 


mv cos 0 — F.At = mv, cos o 


MV, cos 0 — mv, cos o 
At 


ty 
mo) + f Ryde = mlos) 
ti 


myosin 0 — F,At = —mv sin d 


F, = 


mv, sin 0 + mv, sin d 
At 


Since F, = uF, from Eqs. (2) and (3) 


mv, cos6— mv,cos@ — w(mv, sin 6 + mv sin ¢) 
At At 


v  cos@ — wsind 


v psingd+ cos o 
Substituting Eq. (4) into (1) yields: 


D — — = ene) 
e sin 0 \ usin d + cos o 
6= sin = 45° — usin =) 
sin 45° \ u sin 45° + cos 45° 


1l-p 


0.6 = 
1l+p 


u = 0.25 
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15-86. 


Two smooth billiard balls A and B each have a mass of 
200 g. If A strikes B with a velocity (v4); = 1.5 m/s as 
shown, determine their final velocities just after collision. 
Ball B is originally at rest and the coefficient of restitution is 
e = 0.85. Neglect the size of each ball. 


SOLUTION 
(va )ı = —1.5 cos 40° = —1.1491 m/s 


(va,)i = —1.5 sin 40° = —0.9642 m/s 
(=) malva Jı + ma(vg,)1 = malva )2 + mglvg,)2 


—0.2(1.1491) + 0 = 0.2(v4,)2 + 0.2(vg,)2 


(va )2 z (vs. )2 (va )2 = (vs) 


= ; 0.85 = 
(vg) — (va) 1.1491 


(E 2 


Solving, 
(va,)2 = —0.08618 m/s 


(vg )2 = —1.0629 m/s 


ma(va,)1 = ma(va,)2 


(v,,)2 = 0.9642 m/s 


mp(vp,)1 = mp(vp,)o 


(vg). = 0 


(vg)2 = (vp,)2 = 1.06 m/s — 
(v4). = V(—0.08618)? + (0.9642)? = 0.968 m/s 


0.08618 
= tan! = 5.11° 4 
a= tan (“son ) 


Ans: 
(vg) = 1.06 m/s <— 
(va) = 0.968 m/s 


(O40 = 511° A 
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15-87. 


The “stone” A used in the sport of curling slides over the ice 
track and strikes another “stone” B as shown. If each “stone” 
is smooth and has a weight of 47 lb, and the coefficient of 
restitution between the “stones” is e = 0.8, determine their 
speeds just after collision. Initially A has a velocity of 8 ft/s 
and B is at rest. Neglect friction. 


SOLUTION 


Line of impact (x-axis): 30° 
(va); = 8 ft/s 
Emo = Emo 


47 
32.2 


47 47 
EN) 0 + 555 (8) cos 30° = 39.9 UB) (wa) 


32.2 


(Vg)ox — (wa) 
8 cos 30° — 0 


tN) e= 0.8 = 
Solving: 
(va) = 0.6928 ft/s oH 
(vg) = 6.235 ft/s zaha 
Plane of impact (y-axis): 
Stone A: 


mv, = MV 


A a Al 
(7+) 2 (8) sin 30° = 302 (V4)2y 


(va)zy =4 
Stone B: 


mv, = Mv2 


(7+) q= 337 PB)» 


(Vg)2y =0 
(va) = V (0.6928) + (4)? = 4.06 ft/s 
(vs) = V (0)? + (6.235)? = 6.235 = 6.24 ft/s 


Ans: 
(vah = 4.06 ft/s 
(vg)2 = 6.24 ft/s 
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*15-88. 


The “stone” A used in the sport of curling slides over the ice 
track and strikes another “stone” B as shown. If each “stone” 
is smooth and has a weight of 47 lb, and the coefficient of 
restitution between the “stone” is e = 0.8, determine the 
time required just after collision for B to slide off the 
runway. This requires the horizontal component of 
displacement to be 3 ft. 


SOLUTION 


See solution to Prob. 15-87. 30° 


= 8f 
(vg)2 = 6.235 ft/s (va) t/s 


S = So F Vot 
3 = 0 + (6.235 cos 60°)t 
t = 0.962 s 
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15-89. 


Two smooth disks A and B have the initial velocities shown 
just before they collide. If they have masses m, = 4 kg and 
mg = 2kg, determine their speeds just after impact. The 
coefficient of restitution is e = 0.8. 


SOLUTION 


Impact. The line of impact is along the line joining the centers of disks A and B 
represented by y axis in Fig. a. Thus 


2 2 


[wa] = 15(2) =9m/s/ [wai] = 15(2) = 12m/s\ 


[(ve)i]) = 8 m/s 7 [ws] = 0 
Coefficient of Restitution. Along the line of impact (y axis), 


[(vp)2]y = [wa] [(va)aly E [(va)a]y 
[wa = ea A -9-8 


[(va)2]y — [vs]; = 13.6 


(t7) e= 


Conservation of ‘y’ Momentum. 
(17) ma[(va)ily + mgl (vs)]ly = maiwa] + mives) 
4(—9) + 2(8) = 4[(wa)]y + 2[(va)aly 
Avah + oahl = -10 
Solving Eqs. (1) and (2) 
[(va)2]y = 1.20 m/s 7 [(vp)2]y = -12.4 m/s = 12.4 m/s ⁄/ 


Conservation of ‘x’? Momentum. Since no impact occurs along the x axis, the 
component of velocity of each disk remain constant before and after the impact. 
Thus 


[wa]: = (Maile = 12 m/s N [ws]: = [wB] = 0 


Thus, the magnitude of the velocity of disks A and B just after the impact is 


wah = VIWE + (ak = VIZ + 1.20? = 12.06 m/s = 12.1m/s Ans. 


(we) = VU (vale + [ake = VE + 12.47 = 12.4 m/s Ans. 
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15-90. 


Before a cranberry can make it to your dinner plate, it must 
pass a bouncing test which rates its quality. If cranberries 
having an e = 0.8 are to be accepted, determine the 
dimensions d and A for the barrier so that when a cranberry 
falls from rest at A it strikes the incline at B and bounces 
over the barrier at C. 


SOLUTION 


Conservation of Energy: The datum is set at point B. When the cranberry falls from 
a height of 3.5 ft above the datum, its initial gravitational potential energy is 
W(3.5) = 3.5 W. Applying Eq. 14-21, we have 


T, + V,=7T,+ V2 


1/ W ; 
+ 3.5W = 
0+ 3.5W (No 


(ve) = 15.01 ft/s | (Uc), =19:0! ft/s 7 


Conservation of “x'” Momentum: When the cranberry strikes the plate with a 
speed of (v,); = 15.01 ft/s, it rebounds with a speed of (v,)p. 


Me (ve) = Me (v,,)o 


Me ason(2) = me w) cos | 


(v,)2 cos & = 9.008 (U),2/3-17 Hts 
~ 947B° 
Coefficient of Restitution (y'): Z 
(vp)2 — (ve) 
gee 
(va) — (vp) 


(N+) gat Coe ame : $4665" 
-1s.01($) -0 


Solving Eqs. (1) and (2) yields 
Q = 46.85° (va) = 13.17 ft/s 


Kinematics: By considering the vertical motion of the cranberry after the impact, 
we have 


(+1) Vy = (Vo) y + at 


0 = 13.17 sin 9.978° + (—32.2)t t = 0.07087 s 


(+7) Sy = (So)y (vo)yt H La), 3 


1 
= 0 + 13.17 sin 9.978° (0.07087) + 5 (—32.2)( 0.070877) 


= 0.080864 ft 


568 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 


exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


15-90. Continued 


By considering the horizontal motion of the cranberry after the impact, we have 


= (So) x + Vy t 


13.17 cos 9.978° (0.07087) 


= 1.149 ft = 1.15 ft 


3 3 
h = s, + zd = 0.080864 + 5 (1.149) = 0.770 ft 
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Ans: 
d = 1.15 ft 
h = 0.770 ft 
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15-91. 


The 200-g billiard ball is moving with a speed of 2.5 m/s 
when it strikes the side of the pool table at A. If the 
coefficient of restitution between the ball and the side of 
the table is e = 0.6, determine the speed of the ball just 
after striking the table twice, i.e., at A, then at B. Neglect the 
size of the ball. 


SOLUTION 
At A: 


(va)yı = 2.5(sin 45°) = 1.7678 m/s —> 


_ (Va,)o_ ipa (va,)2 
©" Wa "TLN 


(v4,)2 = 1.061 m/s = 


(va )2 = (va )ı = 2.5 cos 45° = 1.7678 m/s | 


(vp,)3_ _ (vB )3 
ET wsd O 17678 


(vB )3 = 1.061 m/s 


(vp,)s = (va,)2 = 1.061 m/s 


(vg)3 = V(1.061)2 + (1.061)? = 1.50 m/s 


Ans: 
(vg); = 1.50 m/s 
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*15-92. 


The two billiard balls A and B are originally in contact with 
one another when a third ball C strikes each of them at the 
same time as shown. If ball C remains at rest after the 
collision, determine the coefficient of restitution. All the balls 
have the same mass. Neglect the size of each ball. 


SOLUTION 


66.99 


Conservation of “x” momentum: 
(+ ) mv = 2mv’ cos 30° 


v = 2v’ cos 30° 


Coefficient of restitution: 


v’ 


(+7) e= 


v cos 30° 


Substituting Eq. (1) into Eq. (2) yields: 


v’ 2 
2v’ cos? 30° 3 
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15-93. 


Disks A and B have a mass of 15 kg and 10 kg, respectively. 
If they are sliding on a smooth horizontal plane with the 
velocities shown, determine their speeds just after impact. 
The coefficient of restitution between them is e = 0.8. 


SOLUTION 


Conservation of Linear Momentum: By referring to the impulse and momentum of 
the system of disks shown in Fig. a, notice that the linear momentum of the system is 
conserved along the n axis (line of impact). Thus, 


+7 MA (va)n + mpg (vs)n = ma(v4)n + mpg (vp)n 


3 3 ; , 
1510)(2) 10@)(2) = 15v4 cos dy + 10vg cos dg 
15v,4 cos p4 + 10vg cos hp = 42 (1) 


Also, we notice that the linear momentum of disks A and B are conserved along the 
t axis (tangent to? plane of impact). Thus, 


+N malva) = ma (va): 


4 ; 
1500)( 2) = 15v4 sin ġ4 


vasind, =8 
and 
+N mpg (vp); = mp (vp); 
10)( 2) = 10 vz sin $g 
vg sin bp = 6.4 (3) 
(a) 


Coefficient of Restitution: The coefficient of restitution equation written along the n 
axis (line of impact) gives 


_ (vp) n = (VA)n 


aoe (Va)n g (vB)n 


UR cos dg — vA cos fy 
3 3 
(5) = [-a(5)] 


Vg cos bp — Va cos by = 8.64 


0.8 = 


Solving Eqs. (1), (2), (3), and (4), yeilds 
v4 = 8.19 m/s 
$4 = 102.52° 
Vg = 9.38 m/s 


bp = 42.99° 
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15-94. 


Determine the angular momentum Ho of the 6-lb particle 
about point O. 


SOLUTION 


Position and Velocity Vector. The coordinates of points A and B are 
A(—8, 8, 12) ft and B(0, 18, 0) ft. Then 


rog = {18j} ft roa = {—8i + 8j + 12k} ft 


Va 


odd) _ 4J (= 9i + 8 - 8)j + (0 = 12)k 
Vio — (-8)P + (18 — 8)? + (0 — 12) 


TAB 


32 , 40 48 
V308 V308 V308 


k ? ft/s 


Angular Momentum about Point O. 


Ho = Tos x mV, 


i j k 
0 18 0 


ae H) d £) 
32.2 \ V308 32.2 \ V308 32.2 \/308 


{ —9.1735i — 6.1156k} slug: ft?/s 


{-9.17i — 6.12k} slug: ft?/s 


= TOA x mV, 


i j k 
-8 8 12 


ee J) al Z) 
32.2 \ V308 32.2 \ V308 32.2 \/308 


= {-9.1735i — 6.1156k} slug: ft?/s 
= {-9.17i — 6.12k} slug: ft?/s 
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S— 10 ft 


Ans: 
{-9.17i — 6.12k} slug: ft?/s 
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15-95. 


Determine the angular momentum H, of the 6-lb particle 
about point P. 


SOLUTION 


Position and Velocity Vector. The coordinates of points A, B and P are 
A(-8, 8, 12) ft, B(0, 18, 0) ft and P(—8, 0, 0). Then 


(—8)]i + (18 — 0)j] = {8i + 18j} ft 


(—8)]i + (8 — 0)j + (12 — 0)j] = {8j + 12k} ft 


8)j + (0 — 12)k 
8)? + (0 — 12}? 


32 , 40 j 48 
V308 V308" V308 


k ? ft/s 


Angular Momentum about Point P. 


= TpA x mV, 


i j k 
0 8 12 


J) S) d =) 
32.2\ V308 32.2\ 1/308 32.2 308 


= {-9.1735i + 4.0771j — 2.7181} slug: ft?/s 


= {-9.17i + 4.08] — 2.72k} slug: ft? /s 


= pB X MVA 


j k 
8 18 0 


al) a aril =) 


= {-9.1735i + 4.0771j — 2.7181k} slug: ft?/s 


= {-917i + 4.08] — 2.72k} slug: ft?/s 
j g 
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>^`— 10 ft 


Ans: 
{-9.17i + 4.08j — 2.72k} slug: ft?/s 
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*15-96. 


Determine the angular momentum H, of each of the two 
particles about point O. 


SOLUTION 


+ (Hy)o = DEGAI — ofo) = —57.6 kg: m? /s 


G+ (Hp)o = (—1)[4(6 sin 30°)] — (4)[4 (6 cos 30°)] = —95.14 kg- m? /s 
Thus 

(Hi)o = {-57.6k} kg-m’/s 

(Hg)o = {-95.1k} kg’ m?/s 


= {-57.6k} kg-m’/s 
= {-95.1k} kg-m’/s 
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15-97. 


Determine the angular momentum H, of each of the two 
particles about point P. 


SOLUTION 


G+ (Ha) = eslso()] — | 3092) | = —52.8kg-m’/s 


G+ (Hg), = (4)[4(6 sin 30°)] — 8[4 (6 cos 30°)] = —118.28 kg- m’/s 
Thus, 

(Hy), = {—52.8k} kg: m?/s 

(Hs), = {7118k} kg-m’/s 


= {-52.8k} kg-m’/s 
= {-118k} kg-m’/s 
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15-98. 
Determine the angular momentum Ho of the 3-kg particle 
about point O. 


SOLUTION 
Position and Velocity Vectors. The coordinates of points A and B are 
A(2, —1.5, 2) m and B(3, 3, 0). 


Tos = {3i + 3j} m roa = {2i — 1.5j + 2k} m 


e [3 — (=1.5)]j + (0.2)k 
"a of i [3 — C15) + 0- 2} 


TAB 


6 27 


12 
= i4 j k 
V25.25 — V25.25"  V25.25 


m/s 


Angular Momentum about Point O. Applying Eq. 15 


Ho = Tos x mV, 


k 
0 


i j 
3 3 
(Ag) Gs) (AS 


= {—21.4928i + 21.4928] + 37.6124k} kg: m?/s 


= {-21.5i + 21.5j + 37.6} kg-m’/s 


= roa X mV, 


i j k 
2 -1.5 2 
6 


CHA ae 


= {—21.4928i + 21.4928j + 37.6124k} kg- m?/s 
J 8 


= {-21.5i + 21.5j + 37.6k} kg-m’/s 


Ans: 
{-21.5i + 21.5j + 37.6} kg-m’/s 
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15-99. 


Determine the angular momentum Hp of the 3-kg particle 
about point P. 


SOLUTION 


Position and Velocity Vectors. The coordinates of points A, B and P are 
A(2, —1.5, 2) m, B(3, 3,0) m and P(—1, 1.5, 2) m. 


rpa = [2 — (—1)]i + (-15 — 15)j + (2 = 2k = {3i — 3j} m 


rpg = [8 — (—1)li + B= 15 + (0 — Dk = {4i + 1.5j — 2k} m 


(3 — 2)i + [3 — (-1.5)]j + (0 - 2)k 
[3 — (-1.5)P + (0 — 2} 


6. oy C 
14 J 
0525  V25.25" V25.25 


m/s 


Angular Momentum about Point P. Applying Eq. 15 


H, = r,a X mV 


i j k 
3 =3 0 


G D CS) 


{21.4928i + 21.4928j + 59.1052k} kg-m?/s 


= {21.5i + 21.5j + 59.1k} kg-m’/s 


k 
15 =2 


6 27 12 
dz) Avaz) (vz) 
25.25 25.25 25.25 
= {21.4928i + 21.4928j + 59.1052k} kg- m2/s 


= {21.5i + 21.5j + 59.1k} kg-m’/s 


Ans: 
{21.5i + 21.5j + 59.1k} kg*m?/s 
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*15-100. 


Each ball has a negligible size and a mass of 10 kg and is 

attached to the end of a rod whose mass may be neglected. 

If the rod is subjected to a torque M = (i? + 2)N-m, M=(2+2)N-m wD 
where t is in seconds, determine the speed of each ball when < 

t = 3 s. Each ball has a speed v = 2 m/s when t = 0. 


SOLUTION 


Principle of Angular Impulse and Momentum. Referring to the FBD of the 
assembly, Fig. a 


h 
(Hz), + xf Mz dt = (Hz) 
ti 


2[0.5(10)(2)] + I l {P + 2)dt = 2[0.5(10v)] 


v = 3.50 m/s 


MeG?+2) Nm 


Ans: 
v = 3.50 m/s 
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15-101. 


The 800-lb roller-coaster car starts from rest on the track 
having the shape of a cylindrical helix. If the helix descends 
8 ft for every one revolution, determine the speed of the car 
when t = 4s. Also, how far has the car descended in this 
time? Neglect friction and the size of the car. 


SOLUTION 


N — 800 cos 9.043° = 0 aTi aH 


N = 790.1 Ib 
Foul 


A, Ft fu dt = Ah 5.p43" 


‘ 800 
0+ | 8(790.1 sin 9.043°)dt = —~(8 
is (790.1 sin 9.043°)dr = ——(8)0, T i 


v, = 20.0 ft/s 


20.0 
v = ——~ = 20.2 ft/s 
cos 9.043° 


T + 2U,-. = Th 


1/ 800 
+ = -{ —— }(20.2)° 
0 + 800h A S Neo) 


h = 6.36 ft 


Ans: 
v = 20.2 ft/s 
h = 6.36 ft 
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15-102. 


The 800-lb roller-coaster car starts from rest on the track 
having the shape of a cylindrical helix. If the helix descends 
8 ft for every one revolution, determine the time required 
for the car to attain a speed of 60 ft/s. Neglect friction and 
the size of the car. 


SOLUTION 


8 
= tan! = 9,043° 
0 an (= 5) 


N — 800 cos 9.043° = 


N = 790.1 lb 
~~ cos 9.043° 
— i 
~ cos 9.043° 


v, = 59.254 ft/s 


m+ [ Mae= n, 


; 800 
0+ / 8(790.1 sin 9.043°)dt = 35(8)(59.254) 
ó i 


t = 119s 
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15-103. 


A 4-lb ball B is traveling around in a circle of radius r4 = 3 ft 
with a speed (vg), = 6 ft/s. If the attached cord is pulled down 
through the hole with a constant speed v, = 2 ft/s, determine 
the ball’s speed at the instant r) = 2 ft. How much work has 
to be done to pull down the cord? Neglect friction and the size 
of the ball. 


SOLUTION 
AH, = Hy 


4 4 


32.0 OG) = 355 (2) 


Vg = 9 ft/s 
v = VË + 2? = 9.22 ft/s 


Tı + XU 4_> = Ta 


ae 
2 °32.2 


cz 


a 5)(9.22)" 


(6)? + Wir = 5 


ZU = 3.04 ft- 1b 


Ans: 
v = 9.22 ft/s 
$ Ui- = 3.04 ft- 1b 
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*15-104. 


A 4-lb ball B is traveling around in a circle of radius r; = 3 ft 
with a speed (vg), = 6 ft/s. If the attached cord is pulled 
down through the hole with a constant speed v, = 2 ft/s, 
determine how much time is required for the ball to reach 
a speed of 12 ft/s. How far rp is the ball from the hole when 
this occurs? Neglect friction and the size of the ball. 


SOLUTION 
v= Vw) + 2° 
12 = Vw) + (2° 
Up = 11.832 ft/s 

H, = Hy 


oes 
32.2 


a 


(6)(3) = 35 5011.832)(r2) 


r2 = 1.5213 = 1.52 ft 
Ar = 0,t 
(3 — 1.5213) = 2t 


t = 0.7395 


Ans: 
ry = 1.52 ft 
t = 0.739s 
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15-105. 


The two blocks A and B each have a mass of 400 g. The 
blocks are fixed to the horizontal rods, and their initial 
velocity along the circular path is 2 m/s. If a couple moment 
of M = (0.6)N-m is applied about CD of the frame, 
determine the speed of the blocks when ¢ = 3 s. The mass 
of the frame is negligible, and it is free to rotate about CD. 
Neglect the size of the blocks. 


SOLUTION 


h 
(Ho) ai si M,dt E (Ho)2 
ti 


2[0.3(0.4)(2)] + 0.6(3) = 2[0.3(0.4)0] 


v = 9.50 m/s 


Ans: 
v = 9.50 m/s 
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15-106. 


A small particle having a mass m is placed inside the 
semicircular tube. The particle is placed at the position 
shown and released. Apply the principle of angular 
momentum about point O (£ Mọ = Ho), and show that 
the motion of the particle is governed by the differential 
equation ð + (g/R) sin 0 = 0. 


SOLUTION 


dHo 


+ YMo = : 
C (0) dt 


Rmg sin 0 


g sin = 


But, s = R0 


Thus, g sin 0 = —R6 


3 Se DS 0=0 
or (4) sin 


585 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


15-107. 


If the rod of negligible mass is subjected to a couple 
moment of M = (3017) N-m and the engine of the car 
supplies a traction force of F = (15t)N to the wheels, 
where f is in seconds, determine the speed of the car at the 
instant t = 5s. The car starts from rest. The total mass of 
the car and rider is 150 kg. Neglect the size of the car. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the system is shown in Fig. a. Since 
the moment reaction M, has no component about the z axis, the force reaction Fg 
acts through the z axis, and the line of action of W and N are parallel to the z axis, 
they produce no angular impulse about the z axis. 


Principle of Angular Impulse and Momentum: 


(m): + 3 f m.at = (th). 
ty 


5s 5s 
0+ [ 3027 dt + 1 15t(4)dt = 150v(4) 
0 0 


v = 3.33 m/s 


W= /50(4.B1) N 


Ans: 
v = 3.33 m/s 
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*15-108. 


When the 2-kg bob is given a horizontal speed of 1.5 m/s, it 
begins to rotate around the horizontal circular path A. If the 
force F on the cord is increased, the bob rises and then 
rotates around the horizontal circular path B. Determine 
the speed of the bob around path B. Also, find the work 
done by force F. 


SOLUTION 


Equations of Motion: By referring to the free-body diagram of the bob shown in 

Fig. a, 

+TSF, = 0; F cos @ — 2(9.81) = 0 (1) 

v 
— XF, = ma; F sino =2( - ) 
lsin 0 
Eliminating F from Eqs. (1) and (2) yields 
sið v? 

cosé 9.811 

1 — cos? 0 v? 
cos 0 9.811 


When / = 0.6 m, v = vı = 5 m/s. Using Eq. (3), we obtain 


1 — cos? 0; 7 1.5? 
cos 0; 9.81(0.6) 


cos?6, + 0.3823 cos 6, — 1 = 0 


Solving for the root < 1, we obtain 


6, = 34.21° 


Conservation of Angular Momentum: By observing the free-body diagram of 
the system shown in Fig. b, notice that W and F are parallel to the z axis, M, has 
no z component, and F, acts through the z axis. Thus, they produce no angular 
impulse about the z axis. As a result, the angular momentum of the system is 
conserved about the z axis. When 60 = 6, = 34.21° and 6@= 6h, 
r =r, = 0.6 sin 34.21° = 0.3373 m and r = r, = 0.3 sin 02. Thus, 


(H) = (Hz)2 
rymVv, = rgMv7 
0.3373(2)(1.5) = 0.3 sin 6 (2)v2 


v2 sin 05 = 1.6867 
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*15-108. Continued 


Substituting / = 0.3 and 0 = 6) v = vz into Eq. (3) yields 
1 — cos” 0 v? 
cos@,  9.81(0.3) 


1 — cos? 0z 7 v? 
COS 65 2.943 


Eliminating v, from Eqs. (4) and (5), 
sin? @> tan 0. — 0.9667 = 0 
Solving the above equation by trial and error, we obtain 


6) = 57.866° 


Substituting the result of 0, into Eq. (4), we obtain 


v = 1.992 m/s = 1.99 m/s Ans. 


Principle of Work and Energy: When 6 changes from 0; to 02, W displaces vertically 
upward h = 0.6 cos 34.21° — 0.3 cos 57.866° = 0.3366 m. Thus, W does negatives 
work. 


Tı +F DU 4-2 = T> 


+ ( Wh) = TA 


5 2N(1.5%) + Up — 2(9.81)(0.3366) = 5 (2)(1.992) 


Up = 832N-m 
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Ans: 
v, = 1.99 m/s 
Ur = 8.32N-m 
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15-109. 


The elastic cord has an unstretched length lọ = 1.5 ft anda 


stiffness k = 12 lb/ft. It is attached to a fixed point at A and 
a block at B, which has a weight of 2 lb. If the block is 
released from rest from the position shown, determine its 
speed when it reaches point C after it slides along the 
smooth guide. After leaving the guide, it is launched onto 
the smooth horizontal plane. Determine if the cord becomes 
unstretched. Also, calculate the angular momentum of the 
block about point A, at any instant after it passes point C. 


SOLUTION 
Tz + Vg = Te + Ve 


1.5) = y 


Uc = 43.95 = 44.0 ft/s 


k = 12 lb/ft 


2 
32.2 


1 
0 + 52) 


Jè ' OE 1.5) 


Ans. 


There is a central force about A, and angular momentum about A is conserved. 


2 


H,=—~ 
A 32.2 


(43.95)(3) = 8.19 slug: ft?/s Ans. 


If cord is slack AD = 1.5 ft 


(Ha) = (Ha) 


2 


8.19 = 322 


(V%) (1-5) 
(V9)p = 88 ft/s 

But 

To + Ve = Tp + Vp 


1/ 2 1 1f 2 
H-E) H z026 1.5/7 = o + 0 


Up = 48.6 ft/s 


Since vp < (v9)p cord will not unstretch. 
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Ans: 
Uc = 44.0 ft/s 


H, = 8.19 slug: ft?/s. 


The cord will not unstretch. 
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15-110. 


The amusement park ride consists of a 200-kg car and 
passenger that are traveling at 3 m/s along a circular path 
having a radius of 8 m. If at t = 0, the cable OA is pulled in 
toward O at 0.5 m/s, determine the speed of the car when 
t = 4s. Also, determine the work done to pull in the cable. 


SOLUTION 


Conservation of Angular Momentum. At t = 4s, 
rn = 8 — 0.5(4) = 6m. 


(Ao) = (Ho) 

rımv, = rm(v) 

8[200(3)] = 6[200(v2)] 

(v2), = 4.00 m/s 
Here, (v2), = 0.5 m/s. Thus 


v = V(w)? + (v)? = V4.0? + 0.52 = 4.031 m/s = 4.03 m/s 
Principle of Work and Energy. 
T + LU,_-2 = Tr 


5(200)(3”) + $U = 5(200)(4.081) 


LU, _2 = 725 J 


Ans: 
v = 4.03 m/s 
$U- = 725 J 
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15-111. 


A box having a weight of 8 lb is moving around in a circle of 
radius r4 = 2ft with a speed of (v4) = 5ft/s while 
connected to the end of a rope. If the rope is pulled inward 
with a constant speed of v, = 4 ft/s, determine the speed of 
the box at the instant rg = 1 ft. How much work is done 
after pulling in the rope from A to B? Neglect friction and 
the size of the box. 


SOLUTION 


(a= (OO = (FS) CHa 


(Vg) tangent = 10 ft/s 


vp = V(10)? + (4¥ = 10.77 = 10.8 ft/s 


1/8 
= -| —— }(10.77)° 
Uas E ) 


UAB = 11.3 ft-lb 
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Ans: 
vg = 10.8 ft/s 
Uap = 11.3 ft-lb 
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*15-112. 


A toboggan and rider, having a total mass of 150 kg, enter 

horizontally tangent to a 90° circular curve with a velocity 

of va = 70 km/h. If the track is flat and banked at an angle 

of 60°, determine the speed vg and the angle 6 of “descent,” va = 70km/h 
measured from the horizontal in a vertical x-z plane, at 

which the toboggan exists at B. Neglect friction in the 

calculation. 


SOLUTION 

va = 70 km/h = 19.44 m/s 

(Ha): = (Ap): 

150(19.44)(60) = 150(vp) cos 6(57) 
Datum at B: 


Ta + V4 = Tz t Vg 


3(150)(19.44) - 150(9.81)h = E +0 


Since h = (r4 — rg) tan 60° = (60 — 57) tan 60° = 5.196 
Solving Eq. (1) and Eq (2): 
vg = 21.9 m/s 


0 = 20.9 


Ans: 
vg = 21.9 m/s 
0 = 20.9 
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15-113. 


An earth satellite of mass 700 kg is launched into a free- 
flight trajectory about the earth with an initial speed of 
va = 10km/s when the distance from the center of the 
earth is r4 = 15 Mm. If the launch angle at this position is 
ba = 70°, determine the speed vg of the satellite and its 
closest distance rg from the center of the earth. The earth 
has a mass M, = 5.976(10) kg. Hint: Under these 
conditions, the satellite is subjected only to the earth’s 
gravitational force, F = GM.m,/r*, Eq. 13-1. For part of 
the solution, use the conservation of energy. 


SOLUTION 

(Ho): = (Ho) 

m, (va sin h4)r4 = m, (Vg)rp 

700[10(10°) sin 70°](15)(10°) = 700(vg)(rg) 
T,a+V,=Tgt+Vz 


1 GM. m; 1 GMems 
z Ms Vay — “y an (vs) — Du 


66.73(10 1) (5.976)(10® (700) 1 5 
[15(10)] 5 (700)(vp) 


66.73(10" '”)(5.976)(10**)(700) 


rB 


; (700)[10(10°)]? 


Solving, 
vg = 10.2 km/s 


rg = 13.8 Mm 
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Ans: 
vg = 10.2 km/s 
rg = 13.8 Mm 
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15-114. 


The fire boat discharges two streams of seawater, each at a 
flow of 0.25 m3/s and with a nozzle velocity of 50 m/s. 
Determine the tension developed in the anchor chain 
needed to secure the boat. The density of seawater is 
Psw = 1020 kg/m?. 


SOLUTION 


Steady Flow Equation: Here, the mass flow rate of the sea water at nozzles A and 
dm 
a psw Q = 1020(0.25) = 225 kg/s. Since the sea water is col- 
lected from the larger reservoir (the sea), the velocity of the sea water entering the 
control volume can be considered zero. By referring to the free-body diagram of the 
control volume (the boat), 


dma i dmg 
£ IF, dt (v4), i dt (vs)x 
T cos 60° = 225(50 cos 30°) + 225(50 cos 45°) 


T = 40114.87 N = 40.1 KN 
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Ans: 
T = 40.1 kN 
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15-115. 


The chute is used to divert the flow of water, Q = 0.6 m°/s. 
If the water has a cross-sectional area of 0.05 m7, determine 
the force components at the pin D and roller C necessary 
for equilibrium. Neglect the weight of the chute and weight 
of the water on the chute. p,, = 1 Mg/m*. 


SOLUTION 


Equations of Steady Flow: Here, the flow rate Q = 0.6m?/s. Then, 


0.6 d 
= —> = 12.0 m/s. Also, a = p, Q = 1000 (0.6) = 600 kg/s. Applying 


A 0.05 
Eqs. 15-26 and 15-28, we have 


dm 
G+2IM, = r (APB vg — dpa va); 


C, (2) = 600 [0 — 1.38(12.0)] C, = 4968 N = 4.97 kN 


t (vs, = va); 


D, + 4968 = 600 (12.0 — 0) D, = 2232N = 2.23 kN 


t (von, Vin,) ; 


D, = 600[0 — (—12.0)] D, = 7200 N = 7.20 kN 
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Ans: 

C, = 4.97 kN 
D, = 2.23 kN 
D, = 7.20 kN 
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*15-116. 


The 200-kg boat is powered by the fan which develops a 
slipstream having a diameter of 0.75 m. If the fan ejects air 
with a speed of 14 m/s, measured relative to the boat, 
determine the initial acceleration of the boat if it is initially at 
rest. Assume that air has a constant density of p, = 1.22 kg/m? 
and that the entering air is essentially at rest. Neglect the drag 
resistance of the water. 


SOLUTION 


Equations of Steady Flow: Initially, the boat is at rest hence vg = Vajp 
T dm 


= 14 m/s. Then, Q = vgA = {2 (0.75")| = 6.185 m/s and d PaQ 
= 1.22(6.185) = 7.546 kg/s. Applying Eq. 15-26, we have 


dm 


auu F = 7.546(—14- 0) F = 105.64N 


Equation of Motion : 


5 5F,= ma, 105.64 =200a a= 0.528 m/s? 


Ans: 
a = 0.528 m/s” 
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15-117. 


The nozzle discharges water at a constant rate of 2 ft?/s. The 
cross-sectional area of the nozzle at A is 4 in”, and at B the 
cross-sectional area is 12 in?. If the static gauge pressure due 
to the water at B is 2 Ib/in?, determine the magnitude of 
force which must be applied by the coupling at B to hold the 
nozzle in place. Neglect the weight of the nozzle and the 
water within it. y,, = 62.4 lb/ft. 


SOLUTION 


dm 62.4 
a pQ (Se 3.876 slug/s 


(vm) = 2 = 
Bx? Ay 12/144 


= 24 ft/s (vg) = 0 


Se 7 
(vay) = ro = 47144 = 72 ft/s (va) = 0 


Equations of steady flow: 


ay = M on ~ vp); 24- Fe = 3.876(0 — 24) F, = 117.01 Ib 


dm = nh 
= Gay T py); F, = 3.876(72 — 0) = 279.06 lb 


F = VF + F = V117.08 + 279.062 = 303 Ib 


Ans: 
F = 303 lb 
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15-118. 


The blade divides the jet of water having a diameter of 4 in. 
If one-half of the water flows to the right while the other 
half flows to the left, and the total flow is Q = 1.5 ft?/ S, 
determine the vertical force exerted on the blade by the jet, 
Yo = 62.4 lb/ft. 


SOLUTION 


Equation of Steady Flow. Here om Q = ( ; Jas = 2.9068 slug/s. The 


32.2 
; Pha Q ; 54 À 
velocity of the water jet is v; = A = — ft/s. Referring to the FBD of the 


control volume shown in Fig. a, 


+135 = Ho), — (adh 


F= 2.90680 = ( =) = 49.96 lb = 50.0 Ib 
T 


Ans: 
F = 50.0 lb 
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15-119. 


The blade divides the jet of water having a diameter of 3 in. 
If one-fourth of the water flows downward while the other 
three-fourths flows upwards, and the total flow is 
Q = 0.5 ft?/s, determine the horizontal and vertical 
components of force exerted on the blade by the jet, 
Yy = 62.4 lb/ft. 


SOLUTION 


Equations of Steady Flow: Here, the flow rate Q = 0.5ft?/s. Then, 


05 _ i919 t1/s. Also, 2 o- A 
Ok ee T Pw = AG 


E a(3)2 E 
4 \12 


Applying Eq. 15-25 we have 


(0.5) = 0.9689 slug/s. 


d 
SF,=5 TE (vou, — vin]; — Fy = 0 — 0.9689 (10.19) F, = 9.87 lb 


d 3 1 
zi = s (vout, — Yin,) ; Fy =  (0-9689)(10.19) + 7 (0.9689)(—10.19) 


+ 
F, = 4.93 Ib . vons 


V=10:19 ftls 
— 


F, 
j | V=10-19 ftf; 


Ans: 
F, = 9.87 lb 
F, = 4.93 Ib 
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*15-120. 


The gauge pressure of water at A is 150.5 kPa. Water flows 
through the pipe at A with a velocity of 18 m/s, and out the 
pipe at B and C with the same velocity v. Determine the 
horizontal and vertical components of force exerted on the 
elbow necessary to hold the pipe assembly in equilibrium. 
Neglect the weight of water within the pipe and the weight 
of the pipe. The pipe has a diameter of 50 mm at A, and at B 
and C the diameter is 30 mm. p,, = 1000 kg/m’. 


SOLUTION 


Continuity. The flow rate at B and C are the same since the pipe have the same 
diameter there. The flow rate at A is 


QO, = v4A, = (18)[a(0.0257)] = 0.011257 m/s 
Continuity negatives that 


Qa =Qg+ Qc 0.011257 = 20 
Q = 0.005625 m?/s 


ya pe — Q _ 0100562507 
c È A (0.0152) 


= 25 m/s 


Equation of Steady Flow. The force due to the pressure at A is 


d 
P = p444 = (150.5)(10°)[r(0.025?)] = 94.0625 N. Here, L 


dt 
= 1000(0.011257) = 11.25m kg/s and aa SR P„Q = 1000(0.0056257) 


dt 
= 5.6257 kg/s. 


F PwQa 


dmg dm, dma, . 
dt (vB) ! dt (Ve)x dt (va)x; 


F, = (5.6257)(25) + (5.6257)| 25 (2)| — (11.257)(0) 


= 795.22 N = 795 N 


, dmpg s dmc dma, 
+ TSF, = P7 (vg); 4 Ai (vo) P7 (va)y; 


94.06257 — F, = (5.6257)(0) + (5.625n)| -23( 2) | — (11.257)(18) 


F, = 1196.75 N = 1.20 kN Ans. 


P= 94.0625 N 
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Ans: 
F, = 795N 
F, = 1.20 KN 
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15-121. 


The gauge pressure of water at C is 40 Ib /in’. If water 
flows out of the pipe at A and B with velocities va= 12 ft/s 
and vg = 25 ft/s, determine the horizontal and vertical 
components of force exerted on the elbow necessary 
to hold the pipe assembly in equilibrium. Neglect the 
weight of water within the pipe and the weight of the pipe. 
The pipe has a diameter of 0.75 in. at C, and at A and B the 
diameter is 0.5 in. y„ = 62.4 Ib/ft*. 


SOLUTION 


dma Oi A (= S) = oo sl 
ma L PA aY lZ) = 0.03171 stug/s 


dmg _ 62.4 


0.25 
u F A aS (2 Je = 0.06606 slug/s 


dmc 


Wp 0.03171 + 0.06606 = 0.09777 slug/s 


Uc Ac = vA Aa =F Vp AR 


netm( 237) = r(t) s(a ay 


Uc = 16.44 ft/s 


dmpg 
dt 


5 5F,= 


3 
40(7)(0.375} — F, = 0 — oosi7aa($) — 0.09777(16.44) 


F, = 19.5 lb 


dmg 
dt 


+1=F, = 


4 
= 0.06606(25) + o.osin(2)q12)-0 


1.9559 = 1.96 Ib 


Y= hts W26 ft/s 


7 
Ur=I6 ms 
b=/6.44 ft/s F 


1 
— 


F = 40[1(0.375%) |b 
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va = 12 ft/s 


[oe=25n 
aX 
3 


B 


Ans: 
F, = 19.5 lb 
F, = 1.96 Ib 
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15-122. 


The fountain shoots water in the direction shown. If the 
water is discharged at 30° from the horizontal, and the 
cross-sectional area of the water stream is approximately 
2 in2, determine the force it exerts on the concrete wall at B. 
Vy = 62.4 lb/ft. 


SOLUTION 
(4) S = So + Vot 
20 = 0 + v4 cos 30°t 

(+f) Vv = Uo + act 

—(v4 sin 30°) = (v4 sin 30°) — 32.2t 
Solving, 
t = 0.8469 s 
va = vg = 27.27 ft/s 
At B: 


dm 62.4 2 
F7 pvA (S$) e72( 5) = 0.7340 slug/s 


dm 
+ NF = a es = Us) 


—F = 0.7340(0 — 27.27) 


F = 20.0 lb 


Ans: 
F = 20.0 lb 
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15-123. 


A plow located on the front of a locomotive scoops up snow 
at the rate of 10ft?/s and stores it in the train. If the 
locomotive is traveling at a constant speed of 12 ft/s, 
determine the resistance to motion caused by the shoveling. 
The specific weight of snow is y, = 6 lb/ft. 


SOLUTION 


F = 22.41b 
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Ans: 
F = 22.4 lb 
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*15-124. 


The boat has a mass of 180 kg and is traveling forward on a 
river with a constant velocity of 70 km/h, measured relative 
to the river. The river is flowing in the opposite direction at 
5 km/h. If a tube is placed in the water, as shown, and it 
collects 40 kg of water in the boat in 80 s, determine the 
horizontal thrust T on the tube that is required to overcome 
the resistance due to the water collection and yet maintain 
the constant speed of the boat. p, = 1 Mg/m*. 


SOLUTION 


dm 40 
Ae = 30 = 0.5 kg/s 
1000 


Upit = c70)( 22") = 19.444 m/s 


dv | dm; 
dt "Pi at 


LF 


s 7 m 


T = 0 + 19.444(0.5) = 9.72 N 
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15-125. 


Water is discharged from a nozzle with a velocity of 12 m/s 
and strikes the blade mounted on the 20-kg cart. Determine 
the tension developed in the cord, needed to hold the cart 
stationary, and the normal reaction of the wheels on the 
cart. The nozzle has a diameter of 50 mm and the density of 
water is py = 1000 kg/m’. 


SOLUTION 


Steady Flow Equation: Here, the mass flow rate at sections A and B of the control 


d 
volume is 7 pwO = pwAv 1000] Z (0.05%) |a2) = 7.5r kg/s 


Referring to the free-body diagram of the control volume shown in Fig. a, 
dm 
+F, = [os — wad; ~F, = 7.57(12 cos 45° — 12) 
x = 82.81 N 


= 7 [(vB)y — way]; y = 7.5m(12 sin 45° — 0) 


y = 199.93 N 


Equilibrium: Using the results of F, and F, and referring to the free-body diagram 
of the cart shown in Fig. b, 


SF, = 0; 82.81 —-T = 0 T = 82.8 N Ans. 


+12F, = 0; N — 20(9.81) — 199.93 =0 N =396N Ans. 
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15-126. 


A snowblower having a scoop S with a cross-sectional area of 
A, = 0.12 m° is pushed into snow with a speed of v, = 0.5 m/s. 
The machine discharges the snow through a tube T that has a 
cross-sectional area of A; = 0.03 m? and is directed 60° from 
the horizontal. If the density of snow is p,= 104 kg/m’, 
determine the horizontal force P required to push the blower 
forward, and the resultant frictional force F of the wheels on 
the ground, necessary to prevent the blower from moving 
sideways. The wheels roll freely. 


SOLUTION 


dm 


“ay T P24 = (104)(0.5)(0.12) = 6.24 kg/s 


dm( 1 6.24 
=) (y) Lm 


dm 
Lk = yen — vs) 


—F = 6.24(—2 cos 60° — 0) 
F=6.24N 


dm 
LF, = ra = Us,) 


—P = 6.24(0 — 0.5) 


P=3.12N 
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15-127. 


The fan blows air at 6000 ft/min. If the fan has a weight of 
30 lb and a center of gravity at G, determine the smallest 
diameter d of its base so that it will not tip over. The specific 
weight of air is y = 0.076 lb/ft. 


SOLUTION 


6000 ft? 1 mi 
Equations of Steady Flow: Here Q ( min ) x ( T 


100 d 0.076 
-e = 56.59 ft/s. Also, = pQ = =, (100) = 0.2360 slug/s. 


A 3153 
Applying Eq. 15-26 we have 


) = 100 ft?/s. Then, 


d d 
a +5Mo = T (dos vs — doa va); 20( 0 + 2) = 0.2360 [4(56.59) — 0] 


d = 2.56 ft Ans. 
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— | 


Ans: 
d = 2.56 ft 
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*15-128. 


The nozzle has a diameter of 40 mm. If it discharges water 
uniformly with a downward velocity of 20 m/s against the 
fixed blade, determine the vertical force exerted by the 
water on the blade. p,, = 1 Mg/m’. 


SOLUTION 


im = pvA = (1000)(20)(a)(0.02)? = 25.13 kg/s 


dm 
+ TEF, z P UB[placeholder] — Vay) 


F = (25.13)(20 sin 45° — (—20)) 


F = 858N 
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15-129. 


The water flow enters below the hydrant at C at the rate of 
0.75 m?/s. It is then divided equally between the two out- 
lets at A and B. If the gauge pressure at C is 300 kPa, deter- 
mine the horizontal and vertical force reactions and the 
moment reaction on the fixed support at C. The diameter 
of the two outlets at A and B is 75 mm, and the diameter of 
the inlet pipe at C is 150 mm. The density of water is 
Pw = 1000 kg/m*. Neglect the mass of the contained water 
and the hydrant. 


SOLUTION 


Free-Body Diagram: The free-body diagram of the control volume is shown in 
Fig. a. The force exerted on section A due to the water pressure is Fe = pcAc = 


300(10| Z(0.15?) | = 5301.44 N. The mass flow rate at sections A, B, and C, are 


dm, dmg (2) (2) dmc 
= = = 1000 = 375k d = = 
dt a PM 2 g/s ii de Pw2 


1000(0.75) = 750 kg/s. 


The speed of the water at sections A, B, and C are 


2 0.75/2 0.75 
2/ = / = 84.88 m/s vc= 2 = = 42.44 m/s. 
A, Ac 


VA = UB = 
T T 

— (0.075? ~ (0.15? 

7 (0.075?) 70-15%) 

Steady Flow Equation: Writing the force steady flow equations along the x and 
y axes, 


dm, _ dm 
dt (V4) x ! dt 


C, = —375(84.88 cos 30°) + 375(84.88) — 0 


dmc 


SEF, = * (vs) — -y Cs 


C, = 4264.54 N = 4.26 KN 


dm, dmpg dmc 
ETEF, = dt (va)y H dt (wB)y dt (%)y; 


—Cy + 5301.44 = 375(84.88 sin 30°) + 0 — 750(42.44) 


Cy = 21 216.93 N = 2.12 kN 


Writing the steady flow equation about point C, 
dma dmpg dmc 


d } d 
dt CAT g OB e 


— Mc = 375(0.65)(84.88 cos 30°) — 375(0.25)(84.88 sin 30°) 


+iMc = dvc; 


+ [-375(0.6)(84.88)] — 0 


Me = 5159.28N-m = 5.16kN-m 


Ans: 

C, = 4.26kN 

C, = 2.12kN 

Mc = 5.16kN-m 
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15-130. 


Sand drops onto the 2-Mg empty rail car at 50 kg/s from a 
conveyor belt. If the car is initially coasting at 4 m/s, 
determine the speed of the car as a function of time. 


SOLUTION 


Gains Mass System. Here the sand drops vertically onto the rail car. Thus (v;), = 0. 
Then 


= Vit Vp 

= (wx + (psi 
v = 0 + (ps 
(Upji)x = v 


dm 
Also, do 50 kg/s and m = 2000 + 50t 


dv dm; 
LF, > Mi H (vpji)x de” 


d 
0 = (2000 + 507) a + ¥(50) 


dv 5Odt 
v 2000 + 50t 


Integrate this equation with initial condition v = 4 m/s at t = 0. 


v d $ 
f v x i dt 
: o 2000 + 50r 


t 


—In (2000 + 50% 


0 
i ( 2000 ) 
2000 + 50t 


2000 
~ 2000 + 50t 


af 8000 | 
= 12000 + sorf ™ 


Ans: 


-{ 8000 | 
v = 12000 + 502 f ™ S 
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15-131. 


Sand is discharged from the silo at A at a rate of 50 kg/s with 
a vertical velocity of 10 m/s onto the conveyor belt, which is 
moving with a constant velocity of 1.5 m/s. If the conveyor 
system and the sand on it have a total mass of 750 kg and 
center of mass at point G, determine the horizontal and ver- 
tical components of reaction at the pin support B roller sup- 
port A. Neglect the thickness of the conveyor. 


SOLUTION 


Steady Flow Equation: The moment steady flow equation will be written about 
point B to eliminate B, and B,. Referring to the free-body diagram of the control 
volume shown in Fig. a, 


-5Mpg = andy dv): 750(9.81)(4) — A,(8) = 50[0 — 8(5)] 


Ay = 4178.5 N = 4.18 kN 


Writing the force steady flow equation along the x and y axes, 
d 
SSF, = TO) ~ wa); -B, = 50(1.5 cos 30° — 0) 


B, = |-64.95 N| = 65.0 N > 


= aa [(vB)y = way]; B, + 4178.5 — 750(9.81) 


= 50[1.5 sin 30° — (—10)] 


B, = 3716.25 N = 3.72 kN Î 
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Ans: 
A, = 4.18 KN 
B, = 65.0 N —> 


B, = 3.72kN} 
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*15-132. 


Sand is deposited from a chute onto a conveyor belt which 

is moving at 0.5 m/s. If the sand is assumed to fall vertically a 0.5 m/s 
onto the belt at A at the rate of 4 kg/s, determine the belt —— TEN 
tension Fx to the right of A. The belt is free to move over Fc = 400 N O00000 F; 
the conveyor rollers and its tension to the left of A is 


Fo = 400N. 


SOLUTION P O 


a 4goN Fa 


d 
(5) LF, = Tp sx = Vax) 


Fg — 400 = 4(0.5 — 0) 


Fg = 2 + 400 = 402 N 
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15-133. 


The tractor together with the empty tank has a total mass 
of 4 Mg. The tank is filled with 2 Mg of water. The water is 
discharged at a constant rate of 50kg/s with a constant 
velocity of 5 m/s, measured relative to the tractor. If the 
tractor starts from rest, and the rear wheels provide a 
resultant traction force of 250 N, determine the velocity 
and acceleration of the tractor at the instant the tank 
becomes empty. 


SOLUTION 


The free-body diagram of the tractor and water jet is shown in Fig. a. The pair of thrust 
T cancel each other since they are internal to the system. The mass of the tractor and 
the tank at any instant ¢ is given by m = (4000 2000) 50t = (6000 50r )kg. 


dv dm, 
+ SF, a e 250 = (6000 — S0r) 


dv 
dt 


5(50) 


_dv_ 10 


= 1 
O Gt 120- o 


2000 
The time taken to empty the tank is t = z0 7 40 s. Substituting the result of t 


into Eq. (1), 


10 


S e 2 
a = 20—40 0.125m/s 


Integrating Eq. (1), 


v 40s 
10 
[»-f dt 
i o 120=-t 


40s 


v = —10 In(120 — 2) 


0 
= 4.05 m/s 
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Ans: 
a = 0.125 m/s” 
v = 4.05 m/s 
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15-134. 


A rocket has an empty weight of 500 Ib and carries 300 Ib of 
fuel. If the fuel is burned at the rate of 15 lb/s and ejected 
with a relative velocity of 4400 ft/s, determine the maximum 
speed attained by the rocket starting from rest. Neglect the 
effect of gravitation on the rocket. 


SOLUTION 


dm, 


dv 
+ 13 = Mory — Ulplaceholder] dt 


dme 
Atn time t,m = mọ — ct, where c = T In space the weight of the rocket is zero. 


dv 
0= (mo ~~ od — Ufplaceholder]| Placeholder ] 


fa = ea 
0 0 My — Ct 


mo 
V = U[placeholder] In| (1) 


mo — ct 


The maximum speed occurs when all the fuel is consumed, that is, when 


300 500 + 300 15 
t= a= > 20 s. Here, my = a". 7 24.8447 slug, c = 33 0.4658 slug/s, 


Ufplaceholder] = 4400 ft/s. Substitute the numerical values into Eq. (1); 


24.8447 
x = 44001 
Umas n(n = aa) 


Vmax = 2068 ft/s = 2.07(10°) ft/s 
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Ans: 
Vmax = 2.07 (103) ft/s 
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15-135. 


A power lawn mower hovers very close over the ground. 
This is done by drawing air in at a speed of 6 m/s through 
an intake unit A, which has a cross-sectional area of 
A, = 0.25 m’, and then discharging it at the ground, B, 
where the cross-sectional area is Ag = 0.35 m°. If air at A 
is subjected only to atmospheric pressure, determine the 
air pressure which the lawn mower exerts on the ground 
when the weight of the mower is freely supported and no 
load is placed on the handle. The mower has a mass of 
15 kg with center of mass at G. Assume that air has a 
constant density of p, = 1.22 kg/m’. 


SOLUTION 


di 5 Ay, -IRO = kes 


dt RIKA DIN 


ETEB = Zlo, — 0a) 


pressure = (0.35) — 15(9.81) = 1.83(0 — (—6)) 


pressure = 452 Pa 
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*15-136. 


The rocket car has a mass of 2 Mg (empty) and carries 120 kg 
of fuel. If the fuel is consumed at a constant rate of 6 kg/s 
and ejected from the car with a relative velocity of 800 m/s, 
determine the maximum speed attained by the car starting 
from rest. The drag resistance due to the atmosphere is 
Fp = (6.80?) N, where v is the speed in m/s. 


SOLUTION 


dv 
Le = Mu T Ufplaceholder}|Placeholder ] 


dm 
At time t the mass of the car is mọ — ct, where c = S = 6 kg/s 


Set F = kv’, then 


dv 
kv? = (m — ct) q — YPE 


f dv O Ë t 
0 (cvpje — k?) o (m = ct) 


CUD/e v 
v 


(asa) e 
n 
2V cvpjek J CUdje _ 
a Vv 


CUD/e 


1 k í 1 mo — Ct 
In =-——In 
2Vcvp jek J CUD/e c mo 
> v 


Maximum speed occurs at the instant the fuel runs out 


t= =29 
= 6 = S 


1 ' ; p (22 z o 
n n| 
2V (6)(800)(6.8) 6 2120 


Solving, 


v = 25.0 m/s 


Ans: 
v = 25.0 m/s 
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15-137. 


If the chain is lowered at a constant speed v = 4 ft/s, 
determine the normal reaction exerted on the floor as a 
function of time. The chain has a weight of 5 lb/ft and a 
total length of 20 ft. 


SOLUTION 


At time f, the weight of the chain on the floor is W = mg(vt) 


d 
T =0, m; = m(vt) 


dv dm; 
Songe” PBA de 


R — mg(vt) = 0 + v(mv) 


R = m(govt + v’) 


R= 5 (32.24) + (4)”) 


R = (20t + 2.48) lb 
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Ans: 
R = {20t + 2.48} Ib 
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15-138. 


The second stage of a two-stage rocket weighs 2000 Ib 
(empty) and is launched from the first stage with a velocity 
of 3000 mi/h. The fuel in the second stage weighs 1000 Ib. If 
it is consumed at the rate of 501b/s and ejected with a 
relative velocity of 8000 ft/s, determine the acceleration of 
the second stage just after the engine is fired. What is the 
rocket’s acceleration just before all the fuel is consumed? 
Neglect the effect of gravitation. 


SOLUTION 


Initially, 


dv dme 
LE, 
s m neh dt ) 


0= 3000 | sooo( 50 ) 
32.2 32.2 


a = 133 ft/s? 


_ 2000 so0o( 50 ) 
32.2 32.2 


a = 200 ft/s? 


Ans: 
a; = 133 ft/s? 
ag = 200 ft/s? 
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15-139. 


The missile weighs 40 000 lb. The constant thrust provided 
by the turbojet engine is T = 15 000 Ib. Additional thrust is e 
provided by two rocket boosters B. The propellant in each B 

booster is burned at a constant rate of 150 lb/s, with a 

relative exhaust velocity of 3000 ft/s. If the mass of the 

propellant lost by the turbojet engine can be neglected, 

determine the velocity of the missile after the 4-s burn time 

of the boosters. The initial velocity of the missile is 300 mi/h. 


SOLUTION 


dm, 
UD/e dt 


dm, 


dt 


At atime t,m = mp — ct, where c = 


dv 
T = (m — ct) i — Upje€ 


T + CUpje 
firm [Goa )# 
Mg — ct 


() 


40 000 
32.2 


150 


Here, mo = 329 


= 1242.24 slug, c = =2( 3 ) = 9.3168 slug/s, Vpje = 3000 ft/s, 
300(5280) 


3600 


t= 4s, = = 440 ft/s. 


Substitute the numerical values into Eq. (1): 


15 000 + 9.3168(3000) 1242.24 
Umax + 440 


9.3168 P| 1242.24 — 9.3168(4) 


Umax = 580 ft/s 


Ans: 
Umax = 580 ft/s 
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*15-140. 


The jet is traveling at a speed of 720 km/h. If the fuel is 
being spent at 0.8 kg/s, and the engine takes in air at 
200 kg/s, whereas the exhaust gas (air and fuel) has a 
relative speed of 12 000 m/s, determine the acceleration of 
the plane at this instant. The drag resistance of the air is 
Fp = (55 %?), where the speed is measured in m/s. The jet 
has a mass of 7 Mg. 


SOLUTION 


Since the mass enters and exits the plane at the same time, we can combine 
Eqs. 15-29 and 15-30 which resulted in 


dv dm, i 
Remy Deag ON 


dv dme 
a” pje = 12000 m/s, a 


km \/ 1000 m 1h 
v (720 h \ ikm N) 200 m/s, vpj; = v = 200 m/s, 


dm; a 


dt 


Here m = 7000 kg, = 0.8 + 200 = 200.8 kg/s 


200 kg/s 


and Fy = 55(2007) = 2.2(10°) N. Referring to the FBD of the jet, Fig. a 


dv dm, dm, 
(+) LF = ™ it UD/e a UDji dt’ 


—2.2(10°) = 7000a — 12000(200.8) + 200(200) 


a = 24.23 m/s* = 24.2 m/s” 


620 


720 km/h 


o_o Vi 
a 


7o00(G- BUN 


Ans: 
a = 24.2 m/s 
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15-141. 


The rope has a mass m’ per unit length. If the end length 
y = h is draped off the edge of the table, and released, 
determine the velocity of its end A for any position y, as the 
rope uncoils and begins to fall. 


SOLUTION 


dv A dm; 
dt ag 


LEF =m 


i EEES dm; mdy | _ dv 
Ata time t,m = m'y and — = = m'v. Here, voji = v, 


dt dt ~ 8 


1 , dv 1 
m'gy =m yy + v(m'v) 


dv dy dy 
= y— +y? since v = —, then dt = — 
Yn” edt v 


dv 2 
8y = E v 
y 


Multiply both sides by 2ydy 


2gy°dy = 2vy? dv + 2yv* dy 


[esr dy = [ar 


zey + C = vy? 


v=Oaty=h teh +C =0 C = gk 
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15-142. 


The 12-Mg jet airplane has a constant speed of 950 km/h v = 950 km/h 
when it is flying along a horizontal straight line. Air enters 
the intake scoops S at the rate of 50 m/s. If the engine burns 
fuel at the rate of 0.4 kg/s and the gas (air and fuel) is 
exhausted relative to the plane with a speed of 450 m/s, 
determine the resultant drag force exerted on the plane by 
air resistance. Assume that air has a constant density of 
1.22 kg/m°. Hint: Since mass both enters and exits the plane, 
Eqs. 15-28 and 15-29 must be combined to yield 

dv dm, dm; 
DF, = my VDje i + Upji ae 


SOLUTION 


dv dm, dm; 
FF (pe) 4 di (vpji) 


12000 (9.81) N 
v = 950 km/h = 0.2639 km/s, 
vpjg = 0.45 km/s 
Upjr = 9.2639 km/s 


mM, 


q; 7 50(1-22) = 61.0 kg/s 


dme 


= 0.4 + 61.0 = 61.4k 
FF g/s 


Forces T and R are incorporated into Eq. (1) as the last two terms in the equation. 
(+) -— Fp = 0 — (0.45)(61.4) + (0.2639)(61) 


Fp = 11.5 kN 


Ans: 
Fp = 11.5 kN 
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15-143. 


The jet is traveling at a speed of 500 mi/h, 30° with the : 
horizontal. If the fuel is being spent at 3 Ib/s,and the engine een nish 
takes in air at 400 Ib/s, whereas the exhaust gas (air and 

fuel) has a relative speed of 32 800 ft/s, determine the 

acceleration of the plane at this instant. The drag resistance 

of the air is Fp = (0.70) lb, where the speed is measured in 

ft/s.The jet has a weight of 15 000 lb. Hint: See Prob. 15-142. 


SOLUTION 


dm; 400 
ee ee IAD slug/s 
32.2 


= 12.52 slug/s 


vpji = 500 mi/h = 733.3 ft/s 


dv E ej ù i 
=m T ; 
dt Pe at Dfi at 


15 000 d 
—(15 000) sin 30° — 0.7(733.3)? = aaa — 32 800(12.52) + 733.3(12.42) 


dv 
= — = 37.5 ft/s” 
O dt is 


Ans: 
a = 37.5 ft/s? 
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*15-144, 


A four-engine commercial jumbo jet is cruising at a 
constant speed of 800 km/h in level flight when all four 
engines are in operation. Each of the engines is capable of 
discharging combustion gases with a velocity of 775 m/s 
relative to the plane. If during a test two of the engines, one 
on each side of the plane, are shut off, determine the new 
cruising speed of the jet. Assume that air resistance (drag) is 
proportional to the square of the speed, that is, Fp = cv’, 
where c is a constant to be determined. Neglect the loss of 
mass due to fuel consumption. 


SOLUTION 


Steady Flow Equation: Since the air is collected from a large source (the 
atmosphere), its entrance speed into the engine is negligible. The exit speed of the 


air from the engine is 


(+) Ve + Vp + Ve/p 


When the four engines are in operation, the airplane has a constant speed of 


1h 
Up = [s0010 a(t) = 222.22 m/s. Thus, 


(+) Ve = —222.22 + 775 = 552.78 m/s > 
Referring to the free-body diagram of the airplane shown in Fig. a, 
[lva] — (va);  €(222.222) = 4% (552.78 - 0) 
t i a dt 


C = 0.044775 on 


When only two engines are in operation, the exit speed of the air is 


—Up + 775 


Using the result for C, 


r [(vs)s = (va)zl; (coun am) a?) a2 vp + 775) 


0.044775v,° + 2v, — 1550 = 0 


Solving for the positive root, 


vp = 165.06 m/s = 594 km/h 
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Ans: 
vp = 594km/h 
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15-145. 


The 10-Mg helicopter carries a bucket containing 500 kg of 
water, which is used to fight fires. If it hovers over the land in 
a fixed position and then releases 50 kg/s of water at 10 m/s, 
measured relative to thehelicopter, determine the initial 
upward accelerationthe helicopter experiences as the water 
is being released. 


SOLUTION 


dv dm. 
de Pe as 


tt SR=m 


Initially, the bucket is full of water, hence m = 10(107) + 0.5(10°) = 10.5(103) kg 


0 = 10.5(10°) a — (10)(50) 


a = 0.0476 m/s” 


Ans: 
a = 0.0476 m/s? 
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15-146. 


A rocket has an empty weight of 500 lb and carries 300 Ib 
of fuel. If the fuel is burned at the rate of 1.5 Ib/s and ejected 
with a velocity of 4400 ft/s relative to the rocket, determine 
the maximum speed attained by the rocket starting from rest. 
Neglect the effect of gravitation on the rocket. 


SOLUTION 


dm, 
UD/e dt 


dm 
Ata time ¢,m = mọ — ct, where c = os. In space the weight of the rocket is zero. 


dv 
0 = (m — ct) a = Upje€ 


v t cVpje 
[| w- [ (paar 
0 0 Moy — ct 


v= vp/eln =) o 


mo — ct 


The maximum speed occurs when all the fuel is consumed, that is, when 
t = 2 = 200s. 
Here, my = 335 = 24.8447 slug, c = 35 = 0.04658 slug/s, vpje = 4400 ft/s. 


Substitute the numerical into Eq. (1): 


Umax = 4400 in( 


24.8447 ) 
24.8447 — (0.04658(200)) 


Umax = 2068 ft/s 


Ans: 
Umax = 2.07(103) ft/s 
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15-147. 


Determine the magnitude of force F as a function of time, 
which must be applied to the end of the cord at A to raise 
the hook H with a constant speed v = 0.4 m/s. Initially the 
chain is at rest on the ground. Neglect the mass of the cord 
and the hook. The chain has a mass of 2 kg/m. 


SOLUTION 


dm ; 


dt ` vpi ( dt ) 


F — mgvt = 0 + v(mv) 
F = m(govt + v’) 
= 2[9.81(0.4)t + (0.4)] 


F = (7.85t + 0.320) N 
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Ans: 
F = {7.85t + 0.320} N 
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*15-148. 


The truck has a mass of 50 Mg when empty. When it is unload- 
ing 5 m° of sand at a constant rate of 0.8 m3/s, the sand flows 
out the back at a speed of 7 m/s, measured relative to the 
truck, in the direction shown. If the truck is free to roll, deter- 
mine its initial acceleration just as the load begins to empty. 
Neglect the mass of the wheels and any frictional resistance to 
motion. The density of sand is p, = 1520 kg/m*. 


SOLUTION 


A System That Loses Mass: Initially, the total mass of the truck is 
d 
m = 50(10°) + 5(1520) = 57.6(10°)ke and n = 0.8(1520) = 1216 kg/s. 


Applying Eq. 15-29, we have 


dv dme 
a ae? 


55F,=m 0 = 57.6(10°)a — (0.8 cos 45°)(1216) 


a = 0.104 m/s” 


Ans: 
a = 0.104 m/s” 
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15-149. 


The car has a mass mm and is used to tow the smooth chain 
having a total length / and a mass per unit of length m’. If 
the chain is originally piled up, determine the tractive force 
F that must be supplied by the rear wheels of the car, 
necessary to maintain a constant speed v while the chain is 
being drawn out. 


SOLUTION 


dv | dm; 
dt Plt ay 


453F=m 


dm; 


dt 


At atime t,m = mp + ct, where c = 


dv 


H =v —=0. 
ere, Upyi = V, 


F = (mọ — m'v)(0) + v(m'v) = m'o? 
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16-1. 


The angular velocity of the disk is defined by 
w = (St? + 2) rad/s, where t is in seconds. Determine the 
magnitudes of the velocity and acceleration of point A on 
the disk when ¢ = 0.5 s. 


SOLUTION 


w = (507 + 2) rad/s 


= 3.25 rad/s 
= 5 rad/s? 
va = or = 3.25(0.8) = 2.60 m/s 


a, = ar = 5(0.8) = 4 m/s3? 


a, = œr = (3.25)°(0.8) = 8.45 m/s? 


aa = V (4) + (8.45)? = 9.35 m/s” 


Ans: 
va = 2.60 m/s 
a4 = 9.35 m/s? 
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16-2. 


The angular acceleration of the disk is defined by 
a = 30+ 12 rad/s, where f is in seconds. If the disk is 
originally rotating at wy) = 12 rad/s, determine the 
magnitude of the velocity and the n and t components of 
acceleration of point A on the disk when t = 2 s. 


SOLUTION 


Angular Motion. The angular velocity of the disk can be determined by integrating 
dw = a dt with the initial condition w = 12 rad/s at t = 0. 


w 2s 
f dw = i) (307 + 12)dt 
12 rad/s 0 


2s 


w — 12 = (# + 121) 
0 


w = 44.0 rad/s 
Motion of Point A. The magnitude of the velocity is 
va = or, = 44.0(0.5) = 22.0 m/s Ans. 


At t=2s, a =3(2*) + 12 = 24rad/s*. Thus, the tangential and normal 
components of the acceleration are 


(a4); = arg = 24(0.5) = 12.0m/s Äis; 


(a4)n = or, = (44.0?) (0.5) = 968 m/s? Ans. 
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wg = 12 rad/s 


Ans: 

va = 22.0 m/s 
(a4), = 12.0 m/s? 
(a4), = 968 m/s 
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16-3. 


The disk is originally rotating at wọ = 12 rad/s. If it is 
subjected to a constant angular acceleration of 
a = 20 rad/s’, determine the magnitudes of the velocity 
and the n and f components of acceleration of point A at the 
instant t = 2s. 


SOLUTION 


Angular Motion. The angular velocity of the disk can be determined using 
w = w + at; œw = 12 + 20(2) = 52 rad/s 

Motion of Point A. The magnitude of the velocity is 
va = wra = 52(0.5) = 26.0 m/s 

The tangential and normal component of acceleration are 


(a4); = ar = 20(0.5) = 10.0 m/s” 


(a4), = o'r = (527)(0.5) = 1352 m/s? 
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wg = 12 rad/s 


Ans: 

va = 26.0 m/s 
(aa); = 10.0 m/s? 
(a4), = 1352 m/s? 
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*16-4, 


The disk is originally rotating at wy = 12 rad/s. If it wg = 12 rad/s 
is subjected to a constant angular acceleration of 

a = 20rad/s’, determine the magnitudes of the velocity 

and the n and t components of acceleration of point B when 

the disk undergoes 2 revolutions. 


SOLUTION 


Angular Motion. The angular velocity of the disk can be determined using 
w = w + 2a,(0 — 0o); w = 127 + 2(20)[2(27) — 0] 
w = 25.43 rad/s 
Motion of Point B. The magnitude of the velocity is 
Ug = org = 25.43(0.4) = 10.17 m/s = 10.2 m/s 
The tangential and normal components of acceleration are 


(ag), = arg = 20(0.4) = 8.00 m/s? 


(ag)n = org = (25.437)(0.4) = 258.66 m/s? = 259 m/s? 


Ans: 

vg = 10.2 m/s 
(ag), = 8.00 m/s? 
(ag), = 259 m/s 
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16-5. 


The disk is driven by a motor such that the angular position 
of the disk is defined by 0 = (20t + 4¢”) rad, where t is in 
seconds. Determine the number of revolutions, the angular 
velocity, and angular acceleration of the disk when t = 90s. 


SOLUTION 


Angular Displacement: At t = 90s. 


1 
Ø = 20(90) + 4(90?) = (34200 rad) x ( aaa 
2T 


=) = 5443 rev 


Angular Velocity: Applying Eq. 16-1. we have 


d 
os 0B = 740 rad/s 
dt t=90 s 


Angular Acceleration: Applying Eq. 16-2. we have 


d 
a= = 8 rad/s? 


Ans: 

0 = 5443 rev 
w = 740 rad/s 
a = 8 rad/s? 
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16-6. 


A wheel has an initial clockwise angular velocity of 10 rad/s 
and a constant angular acceleration of 3 rad/s’. Determine 
the number of revolutions it must undergo to acquire a 
clockwise angular velocity of 15 rad/s. What time is 
required? 


SOLUTION 


w = w + 2a.(0 — 0o) 


(15) = (10)? + 2(3)(@—-0) 


0 = 20.83 rad = ws) = 3.32 rev. 
2r 


w = wy + act 
15 = 10 + 3t 


t = 1.67s 


Ans: 
6 = 3.32 rev 
t = 1.67s 
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16-7. 


If gear A rotates with a constant angular acceleration of 
a, = 90rad/s’, starting from rest, determine the time 
required for gear D to attain an angular velocity of 600 rpm. 
Also, find the number of revolutions of gear D to attain this 
angular velocity. Gears A, B, C, and D have radii of 15 mm, 
50 mm, 25 mm, and 75 mm, respectively. 


SOLUTION 


Gear B is in mesh with gear A. Thus, 
aAprp = QAFA 


in = ()a, = (E) = 27 rad/s? 


Since gears C and B share the same shaft, ac = ag = 27 rad/s’. Also, gear D is in 
mesh with gear C. Thus, 


aprp = Acrc 
= [Fe _ (25 = 2 
ap (25 Jac (Zen 9 rad/s 


600 2r rad \ / 1 mi 
The final angular velocity of gear D is wp = ( ort) TS )( an) = 


207 rad/s. Applying the constant acceleration equation, 


wp = (wp)o + apt 
207 = 0+ 9t 


t = 6.98 s 


wp = (wp)o” + 2ap[Op — (Op)o] 


(207)? = 0 + 2(9)(@p — 0) 


1 rev 
Op = (219.32 rad 
p= ( ER (4 e) 


= 34.9 rev 
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Ans: 
t = 6.98s 
Op = 34.9 rev 
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*16-8. 


If gear A rotates with an angular velocity of w4 = 
(04 + 1) rad/s, where 6, is the angular displacement of 
gear A, measured in radians, determine the angular 
acceleration of gear D when 04 = 3 rad, starting from rest. 
Gears A, B, C, and D have radii of 15 mm, 50 mm, 25 mm, 
and 75 mm, respectively. 


SOLUTION 
Motion of Gear A: 


add, = wadwa 


a,d0, > (04 T 1)d(04 T 1) 


a,d0 4 = (04 pe 1) d0 a 
aa = (04 + 1) 

At 04 = 3rad, 
aa = 3 +1 = 4rad/s* 


Motion of Gear D: Gear A is in mesh with gear B. Thus, 


pra © QAFA 


ioe (“4)a, = ee = 1.20 rad/s? 


Since gears C and B share the same shaft ac = ag = 1.20 rad/s”. Also, gear D is in 
mesh with gear C. Thus, 


aplp = Acro 


25 
pe (25 Jac = (Zaw = 0.4 rad/s? 


Ans: 
ap = 0.4 rad/s? 
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16-9. 


At the instant w4 = 5 rad/s, pulley A is given an angular 
acceleration a = (0.80) rad/s’, where @ is in radians. 
Determine the magnitude of acceleration of point B on 
pulley C when A rotates 3 revolutions. Pulley C has an inner 
hub which is fixed to its outer one and turns with it. 


SOLUTION 


Angular Motion. The angular velocity of pulley A can be determined by integrating 
w dw = a dé with the initial condition w, = 5 rad/s at 04 = 0. 


wA 04 
f wdw = f 0.80d0 
5 rad/s 0 


On Oa 
= (0.407) 
5 rad/s 


Oo, = { Vose + 25} rad/s 


At 04 = 3(277) = 67 rad, 
wa = V0.8(6m)? + 25 = 17.585 rad/s 
a4 = 0.8(67) = 4.87 rad/s? 
Since pulleys A and C are connected by a non-slip belt, 
wcrc = Wr; w (40) = 17.585(50) 
wc = 21.982 rad/s 
acre = Aras ac(40) = (4.877)(50) 
ac = 6m rad/s" 


Motion of Point B. The tangential and normal components of acceleration of 
point B can be determined from 


(ag): = acrg = 67(0.06) = 1.1310 m/s? 
(ag)n = werg = (21.9827) (0.06) = 28.9917 m/s? 


Thus, the magnitude of ag is 


ag = V (ap)} + (ap)? = V1.1310 + 28.9917? 


= 29.01 m/s? = 29.0 m/s? 


Ans: 
ag = 29.0 m/s” 
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16-10. 


At the instant v4 = 5 rad/s, pulley A is given a constant 
angular acceleration a, = 6rad/s’. Determine the 
magnitude of acceleration of point B on pulley C when A 
rotates 2 revolutions. Pulley C has an inner hub which is 
fixed to its outer one and turns with it. 


SOLUTION 


Angular Motion. Since the angular acceleration of pulley A is constant, we can 
apply 


à = (wa)o + 2aal0, — (84)ol; 
= 5 + 2(6)[2(27) — 0] 
= 13.2588 rad/s 
Since pulleys A and C are connected by a non-slip belt, 
wcrc = wara; œc(40) = 13.2588(50) 
wc = 16.5735 rad/s 
acre = QAFA; ac(40) = 6(50) 
ac = 7.50 rad/s? 


Motion of Point B. The tangential and normal component of acceleration of 
point B can be determined from 


(ag); = acrg = 7.50(0.06) = 0.450 m/s? 
(ag)n = werg = (16.5735?) (0.06) = 16.4809 m/s? 


Thus, the magnitude of ag is 


ag = V(ag)? + (ag)2 = V0.4502 + 16.480% 


16.4871 m/s? = 16.5 m/s” 


Ans: 
ag = 16.5 m/s” 
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16-11. 


The cord, which is wrapped around the disk, is given an 
acceleration of a = (10 m/s’, where t is in seconds. 
Starting from rest, determine the angular displacement, 
angular velocity, and angular acceleration of the disk when 
t= 38: 


SOLUTION 


Motion of Point P. The tangential component of acceleration of a point on the rim 
is equal to the acceleration of the cord. Thus 


(a,) = ar; 10t = a(0.5) 
a = {20t} rad/s? 
When t = 3s, 
a = 20(3) = 60 rad/s” Ans. 


Angular Motion. The angular velocity of the disk can be determined by integrating 
dw = a dt with the initial condition w = 0 at t = 0. 


w t 
i dw = f 20t dt 
0 0 


w = {1027} rad/s 
When ż = 3s, 


w = 10(3?) = 90.0 rad/s Ans. 


The angular displacement of the disk can be determined by integrating d0 = w dt 
with the initial condition 0 = O att = 0. 


6 t 
f do = f 10¢? dt 
0 0 
0 


1 


When t = 3s, 
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a = (10 m/s” 


Ans: 

a = 60 rad/s? 
w = 90.0 rad/s 
0 = 90.0 rad 
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*16-12. 


The power of a bus engine is transmitted using the belt-and- 
pulley arrangement shown. If the engine turns pulley A at 
wa = (20t + 40) rad/s, where t is in seconds, determine the 
angular velocities of the generator pulley B and the 
air-conditioning pulley C when t = 3s. 


SOLUTION 

When t = 3s 
wa = 20(3) + 40 = 100 rad/s 

The speed of a point P on the belt wrapped around A is 
Up = wara = 100(0.075) = 7.5 m/s 


Up 7.5 
ORS = 


rp 0.025 
The speed of a point P’ on the belt wrapped around the outer periphery of B is 


= warg = 300(0.1) = 30 m/s 


U p 30 
= — = ~~ = 600 rad 
rce 0.05 rad/s 
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—— = 300 rad/s Ans. 


Ans: 
@p = 300 rad/s 
wç = 600 rad/s 
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16-13. 


The power of a bus engine is transmitted using the belt-and- 
pulley arrangement shown. If the engine turns pulley A at 
w, = 60rad/s, determine the angular velocities of the 
generator pulley B and the air-conditioning pulley C. The 
hub at D is rigidly connected to B and turns with it. 


SOLUTION 
The speed of a point P on the belt wrapped around A is 


Up = Wala = 60(0.075) = 45 m/s 


Up 4.5 
wg = = = D005 > 180 rad/s Ans. 


The speed of a point P’ on the belt wrapped around the outer periphery of B is 
v'p = ppp = 180(0.1) = 18 m/s 


v'p 18 
H = — = —— = 360 rad 
ence, wc ro 0.08 rad/s 


Ans: 
wp = 180 rad/s 
wç = 360 rad/s 
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16-14. 


The disk starts from rest and is given an angular acceleration 
a = (2t°) rad/s’, where ¢ is in seconds. Determine the 
angular velocity of the disk and its angular displacement 
whent = 4s. 


SOLUTION 
dw 


a 


2 
w= gy = 42.7 rad/s 


0 t 
2 
fa- fipa 
0 03 
1 


4 


0 t 


6 
When t = 4s, 


1 
0 = Ay = 42.7 rad 


Ans: 
w = 42.7 rad/s 
8 = 42.7 rad 
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16-15. 


The disk starts from rest and is given an angular acceleration 
a = (5t'/?) rad/s’, where t is in seconds. Determine the 
magnitudes of the normal and tangential components of 
acceleration of a point P on the rim of the disk when f = 2 s. 


SOLUTION 
Motion of the Disk: Here, when t = 0, = 0. 


dw = adt 


w t 
1 
dw = [ 5t°-dt 
0 0 
w t 


{ 5 i} rad/s 


= L(a) = 9.428 rad/s 


a = 5(2!) = 7.071 rad/s” 


Motion of point P: The tangential and normal components of the acceleration of 
point P when t = 2s are 


a, = ar = 7.071(0.4) = 2.83 m/s” Ans. 


a, = œr = 9,428°(0.4) = 35.6 m/s? 
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*16-16. 


The disk starts at wo = 1 rad/s when 6 = 0, and is given an 
angular acceleration a = (0.30) rad/s”, where @ is in radians. 
Determine the magnitudes of the normal and tangential 
components of acceleration of a point P on the rim of the 
disk when 0 = 1 rev. 


SOLUTION 


a = 0.30 


w 0 
/ wdw = | 0.30d0 
1 0 


0 


= 0.1567 
0 


w 
— — 0.5 = 0.1567 
3 6 


0 = V0.302 + 1 
At 0 = 1 rev = 2r rad 
w = VO3Q2T} +1 
w = 3.584 rad/s 
= ar = 0.3(27) rad/s?(0.4 m) = 0.7540 m/s” 


wr = (3.584 rad/s)*(0.4 m) = 5.137 m/s? 


V(0.7540)? + (5.137)? = 5.19 m/s? 


Ans: 
a, = 0.7540 m/s” 
a, = 5.137 m/s” 
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16-17. 


A motor gives gear A an angular acceleration of 
a4 = (2 + 0.006 6’) rad/s’, where @ is in radians. If this 
gear is initially turning at w4 = 15 rad/s, determine the 
angular velocity of gear B after A undergoes an angular 
displacement of 10 rev. 


SOLUTION 


Angular Motion. The angular velocity of the gear A can be determined 
integrating w dw = a dé with initial condition w4 = 15 rad/s at 04 = 0. 


wA 0a 
f wdw = f (2 + 0.006 6?)d0 
i 0 


5 rad/s 


2) a, Oa 
= (20 + 0.002 6°) 
15 rad/s 0 


w 


= 204 + 0.002 03, 


wa = V0.004 63, + 46 + 225 rad/s 


At 04 = 10(27) = 207 rad, 


wa = V0.004(20r)> + 4(207) + 225 
= 38.3214 rad/s 
Since gear B is meshed with gear A, 
Wnty = wra; @g(175) = 38.3214(100) 
wg = 21.8979 rad/s 
= 21.9 rad/s 5 


Ans: 
pz = 219 rad/s 5 
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16-18. 


A motor gives gear A an angular acceleration of 
a4 = (2t°) rad/s’, where f is in seconds. If this gear is 
initially turning at w4 = 15 rad/s, determine the angular 
velocity of gear B when t = 3s. 


SOLUTION 


Angular Motion. The angular velocity of gear A can be determined by integrating 
dw = a dt with initial condition w4 = 15 rad/s att = Os. 


wA t 
f dw = f 207 dt 
15 rad/s 0 


1 t 
= y4 
0 


= {304 + is} rad/s 


1 
wa = 5 (3) + 15 = 55.5 rad/s 
Since gear B meshed with gear A, 
pra = Wala; (175) = 55.5(100) 
wp = 31.7143 rad/s 


= 31.7 rad/s 9 


Ans: 
wg = 31.7 rad/s Ý 
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16-19. 


The vacuum cleaner’s armature shaft S rotates with an 
angular acceleration of a = 43/4 rad/s?, where w is in 
rad/s. Determine the brush’s angular velocity when t = 4s, 
starting from wọ = 1 rad/s, at @ = 0. The radii of the shaft 
and the brush are 0.25 in. and 1 in., respectively. Neglect the 
thickness of the drive belt. 


SOLUTION 


Motion of the Shaft: The angular velocity of the shaft can be determined from 


Ws 7 (t T 1)4 


When t = 4s 


w; = 54 = 625 rad/s 


Motion of the Beater Brush: Since the brush is connected to the shaft by a non-slip 
belt, then 


wgFB = Wsls 


tig = (E) = (= )(e2s) = 156 rad/s 


rB 


Ans: 
wp = 156 rad/s 
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*16-20. 


A motor gives gear A an angular acceleration of 
a4 = (4t3) rad/s’, where t is in seconds. If this gear is 
initially turning at (w4)) = 20 rad/s, determine the angular 
velocity of gear B when t = 2s. 


SOLUTION 


QA =4ť 


dw = a dt 


wa t t 
I dwa = | QA dt = f 4t dt 
20 0 0 


wa = tf + 20 
When t = 2s, 
w4 = 36rad/s 
Wala = WBIB 
36(0.05) = wg(0.15) 


wg = 12 rad/s 
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(@,)o = 20 rad/s 


Ans: 
wp = 12 rad/s 
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16-21. 


The motor turns the disk with an angular velocity of 
w = (5t? + 3t) rad/s, where t is in seconds. Determine the 
magnitudes of the velocity and the n and t components of 
acceleration of the point A on the disk when t = 3s. 


SOLUTION 
Angular Motion. At t = 3s, 


w = 5(37) + 3(3) = 54 rad/s 


The angular acceleration of the disk can be determined using 


a= @, a = {10t + 3} rad/s? 
Att=3s, 
a = 10(3) + 3 = 33 rad/s’ 
Motion of Point A. The magnitude of the velocity is 
va = or, = 54(0.15) = 8.10 m/s 
The tangential and normal component of acceleration are 


(a4); = ara = 33(0.15) = 4.95 m/s” 


(a4)n = wr, = (547)(0.15) = 437.4 m/s? = 437 m/s? 


Ans: 

va = 8.10 m/s 
(aa); = 4.95 m/s? 
(a4), = 437 m/s 
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16-22. 


If the motor turns gear A with an angular acceleration of 
aa = 2 rad/s? when the angular velocity is w, = 20 rad/s, 
determine the angular acceleration and angular velocity of 
gear D. 


SOLUTION 


Angular Motion: The angular velocity and acceleration of gear B must be 
determined first. Here, w4 r4 = ogrganda,r, = &pgrp. Then, 


40 
ii py (= Jeo) = 8.00 rad/s 


40 
oon "= y= (Eo = 0.800 rad/s? 


Since gear C is attached to gear B, then wc = wg = 8rad/s and 
ac = ag = 0.8 rad/s’. Realizing that wcrc = wprp and acrc = aprp, then 


50 
tg ee ( - TJ (8.00) = 4.00 rad/s 


50 
100 


) 0.800) = 0.400 rad/s” 


Ans: 
wp = 4.00 rad/s 
ap = 0.400 rad/s? 
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16-23. 


If the motor turns gear A with an angular acceleration of 
a, = 3 rad/s? when the angular velocity is w, = 60 rad/s, 
determine the angular acceleration and angular velocity of 
gear D. 


SOLUTION 


Angular Motion: The angular velocity and acceleration of gear B must be 
determined first. Here, w4 r4 = ogrganda,yr, = &pgrp. Then, 


40 
oy s ia = ( ` GI = 24.0 rad/s 


40 
100 


Je = 1.20 rad/s” 


Since gear C is attached to gear B, then wc = wg = 24.0 rad/s 
ac = ag = 1.20 rad/s”. Realizing that wcrc = wprp and acrc = apr p, then 


50 
ae = tip ( - a) (240) = 12.0 rad/s 


ig a ( at )a20 = 0.600 rad/s? 


rp 100 


= 12.0 rad/s 
= 0.600 rad/s” 
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*16-24, 


The gear A on the drive shaft of the outboard motor has a 
radius r4 = 0.5in. and the meshed pinion gear B on the 
propeller shaft has a radius rg = 1.2 in. Determine the 
angular velocity of the propeller in¢ = 1.5 s, if the drive shaft 
rotates with an angular acceleration a = (400¢°) rad/s’, 
where ¢ is in seconds. The propeller is originally at rest and 
the motor frame does not move. 


SOLUTION 


Angular Motion: The angular velocity of gear A at t = 1.5 s must be determined 
first. Applying Eq. 16-2, we have 


dw = adt 


wa 15s 
[ do = i: 40087 dt 
0 0 


wa = 100f*|5°* = 506.25 rad/s 


However, w4 r4 = wg rg where wz is the angular velocity of propeller. Then, 


0.5 
op = 40,4 = ( ) (006.25 = 211 rad/s 


TR 1.2 


Ans: 
wg = 211 rad/s 
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16-25. 
For the outboard motor in Prob. 16-24, determine the 


magnitude of the velocity and acceleration of point P 
located on the tip of the propeller at the instant t= 0.75 s. 


SOLUTION 


Angular Motion: The angular velocity of gear A at t = 0.75 s must be determined 
first. Applying Eq. 16-2, we have 


dw = adt 


wA 0.75 s 
[ do = I 40087 dt 
0 0 


wa = 1004075 = 31.64 rad/s 


The angular acceleration of gear A at t = 0.75 s is given by 


aa = 400(0.75°) = 168.75 rad/s? 


However, w4 r4 = œgrg and aara = agrg where wg and ag are the angular 
velocity and acceleration of propeller. Then, 


(Hers = 13.18 rad/s 


0.5 
ag = -aa = (2 )a6s:79) = 70.31 rad/s” 
FB 12 


Motion of P: The magnitude of the velocity of point P can be determined using 
Eq. 16-8. 


2.20 
Up = wgřp = 13.18( D ) = 2.42 ft/s Ans. 
The tangential and normal components of the acceleration of point P can be 
determined using Eqs. 16-11 and 16-12, respectively. 


2.20 
12 


a, = Agrp = 7031( ) = 12.89 ft/s? 


2.20 
An = wrp = (1318°)(22°) = 31.86 ft/s 


The magnitude of the acceleration of point P is 


ap = Vai + a = V12.89 + 31.862 = 34.4 ft/s? 
P r n 


Ans: 
Up = 2.42 ft/s 
ap = 34.4 ft/s? 
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16-26. 


The pinion gear A on the motor shaft is given a constant 
angular acceleration a = 3 rad/s’. If the gears A and B 
have the dimensions shown, determine the angular velocity 
and angular displacement of the output shaft C, when 
t = 2s starting from rest. The shaft is fixed to B and turns 
with it. 


SOLUTION 


Aet 


+ 3(2) = 6 rad/s 


2 


1 
0 = Oo + wt + act 


6,=0+0+ 532)" 


04 = 6rad 

Wala ~ Ogg 

6(35) = wg(125) 

wc = wg = 1.68 rad/s 
Oara = OBB 

6(35) = 6, (125) 


0c = 0g = 1.68 rad 


Ans: 
wc = 1.68 rad/s 
Oc = 1.68 rad 
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16-27. 


The gear A on the drive shaft of the outboard motor has a 
radius r4 = 0.7 in. and the meshed pinion gear B on the 
propeller shaft has a radius rg = 1.4in. Determine the 
angular velocity of the propeller in t = 1.3s if the drive 
shaft rotates with an angular acceleration 
a= (300Vt) rad/s’, where t is in seconds. The propeller is 
originally at rest and the motor frame does not move. 


SOLUTION 


Qala = AplpB 


(300Vt)(0.7) = a,(1.4) 
ap = 150 Vt 


dw = adt 


w t 
f dw [ 150 Vt dt 
0 0 


w = 100?];-13 = 148 rad/s 


Ans: 
w = 148 rad/s 
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*16-28. 


The gear A on the drive shaft of the outboard motor has a 
radius r4 = 0.7 in. and the meshed pinion gear B on the 
propeller shaft has a radius rz = 1.4 in. Determine the 
magnitudes of the velocity and acceleration of a point P 
located on the tip of the propeller at the instant t = 0.75 s. 
the drive shaft rotates with an angular acceleration 
a = (300V*1) rad/s?, where t is in seconds. The propeller is 
originally at rest and the motor frame does not move. 


SOLUTION 


Angular Motion: The angular velocity of gear A at t = 0.75 s must be determined 
first. Applying Eq. 16-2, we have 


dw = adt 


4 0.75 s 
f dw = i 300 Vt dt 
0 0 


wa = 200 7/7 [07s = 129.9 rad/s 
The angular acceleration of gear A at t = 0.75 s is given by 


aa = 300V 0.75 = 259.81 rad/s? 


However, war, = wgrg and agra, = &grg where wg and ag are the angular 
velocity and acceleration of propeller. Then, 
FA 


0.7 
wg = ma = (azo = 64.95 rad/s 


0. 
ag =—ay= (Zoss = 129.9 rad/s? 
FB 1.4 


Motion of P: The magnitude of the velocity of point P can be determined using 
Eq. 16-8. 


2.20 
Up = WRrp = 64.95( 12 ) = 11.9 ft/s 


The tangential and normal components of the acceleration of point P can be 
determained using Eqs. 16-11 and 16-12, respectively. 


2.20 
12 


a, = Agrp = 1290( ) = 23.82 ft/s? 


2.20 
An = ORT p = (6405)°(72°) = 773.44 ft/s? 


The magnitude of the acceleration of point P is 


ap = Va? + a = V(23.82)? + (773.44)? = 774 ft/s? 


Ans: 
ap = 774 ft/s? 
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16-29. 


A stamp S, located on the revolving drum, is used to label 
canisters. If the canisters are centered 200 mm apart on the 
conveyor, determine the radius r4 of the driving wheel A 
and the radius rz of the conveyor belt drum so that for each 
revolution of the stamp it marks the top of a canister. How 
many canisters are marked per minute if the drum at B is 
rotating at wg = 0.2 rad/s? Note that the driving belt is 
twisted as it passes between the wheels. 


SOLUTION 
l = 27(ra) 


200 
ra = Sen = 31.8 mm 


For the drum at B: 
I = 27(rg) 


200 
rg = ps = 31.8 mm 


Int = 60s 

0 = 6) + wot 

6 = 0 + 0.2(60) = 12 rad 

l = Org = 12(31.8) = 382.0 mm 


Hence, 


_ 382.0 


300 > 1.91 canisters marked per minute 


Ans: 

ra = 31.8 mm 

rg = 31.8 mm 

1.91 canisters per minute 
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16-30. 


At the instant shown, gear A is rotating with a constant 
angular velocity of w4 = 6rad/s. Determine the largest 
angular velocity of gear B and the maximum speed of 
point C. 


SOLUTION 
(rg) max = (TA) max = 50V2 mm 


(TB) min = (TA) min = 50mm 
When r4 is max., rg is min. 


wg(rg) = ara 


TAN of SING 
(@g) max 6( 4) o| 50 ) 


(wg)max = 8.49 rad/s 


uc = (wB)max ‘C= 8.49(0.05 V2) 


vc = 0.6 m/s 
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L100 mm —-! 


Ans: 
(@B)max = 8.49 rad/s 
(VC) max = 0.6 m/s 
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16-31. 


Determine the distance the load W is lifted in t = 5 s using 
the hoist. The shaft of the motor M turns with an angular 
velocity œ = 100(4 + t) rad/s, where tis in seconds. 


SOLUTION 


Angular Motion: The angular displacement of gear A at t = 5 s must be determined 
first. Applying Eq. 16-1, we have 


0 = wdt 


d 
04 5s 
Í a= f| 100(4 + t) dt 
0 0 


04 = 3250 rad 


Here, r4 04 = rg Opg. Then, the angular displacement of gear B is given by 


40 
ip “9 = (£ eso = 577.78 rad 


FB 225 


Since gear C is attached to the same shaft as gear B, then 0c = 0g = 577.78 rad. 
Also, rp 0p = rc 9c, then, the angular displacement of gear D is given by 


STe ga Oe = 
ipa hee ( a \s7778) = 57.78 rad 


Since shaft E is attached to gear D, 0g = 0p = 57.78 rad. The distance at which the 
load W is lifted is 


Sw = 10" = (0.05)(57.78) = 2.89 m Ans. 
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*16-32. 


The driving belt is twisted so that pulley B rotates in the 
opposite direction to that of drive wheel A. If A has a 
constant angular acceleration of a, = 30 rad/s’, determine 
the tangential and normal components of acceleration of a 
point located at the rim of B when t = 3 s, starting from rest. 


SOLUTION 


Motion of Wheel A: Since the angular acceleration of wheel A is constant, its 
angular velocity can be determined from 


wa = (wa) + act 
= 0 + 30(3) = 90 rad/s 
Motion of Wheel B: Since wheels A and B are connected by a nonslip belt, then 


wpg'g = WAFA 


200 
Ga 144 rad/s 


daB Z QAFA 


= (as = (eo = 48 rad/s? 


Thus, the tangential and normal components of the acceleration of point P located 
at the rim of wheel B are 


(ap): = agrg = 48(0.125) = 6 m/s? Ans. 


(ap)n = @g Tg = (144°)(0.125) = 2592 m/s? 


Ans: 
(ap) =6m/ s? 
(ap)n = 2592 m/s? 
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16-33. 


The driving belt is twisted so that pulley B rotates in the 
opposite direction to that of drive wheel A. If the angular 
displacement of A is 04 = (5t° + 1007) rad, where t is in 
seconds, determine the angular velocity and angular 
acceleration of B when t = 3s. 


SOLUTION 


Motion of Wheel A: The angular velocity and angular acceleration of wheel A can 
be determined from 


dba 
wa = = 


q = (ist? + 20t) rad/s 


d 
a4 = =F = (30t + 20) rad/s 


When t = 3s, 


wa = 15(3) + 20(3) = 195 rad/s 


a, = 30(3) + 20 = 110 rad/s 
Motion of Wheel B: Since wheels A and B are connected by a nonslip belt, then 


Opp = Wala 


rA 200 
(“Jon = (Fe )ca95) = 312 rad/s 


_ {200 _ 2 
A )as (uo 176 rad/s 


Ans: 
wg = 312 rad/s 
ag = 176 rad/s? 
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16-34. 


For a short time a motor of the random-orbit sander drives 
the gear A with an angular velocity of 
w, = 40(f + 6t) rad/s, where f is in seconds. This gear is 
connected to gear B, which is fixed connected to the shaft 
CD. The end of this shaft is connected to the eccentric 
spindle EF and pad P, which causes the pad to orbit around 
shaft CD at a radius of 15 mm. Determine the magnitudes 
of the velocity and the tangential and normal components 
of acceleration of the spindle EF when t= 2s after 
starting from rest. 


SOLUTION 
Wala = WRB 


w4 (10) = wz (40) 


wg 7 T WA 


4 
VE 7 


YE ~= 


aa = 6t) | = 120 + 240 


QAFA — BFB 


1 


= 40a 


1 
agre q (12007 + 240) (0.015) 
t=2 


= 2.70 m/s” 


= orp = f COG at) | 0015) 


t=2 


= 600 m/s? 


2 
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Ans: 

Ve = 3m/s 

(ag); = 2.70 m/s” 
(ag), = 600 m/s? 
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16-35. 


If the shaft and plate rotates with a constant angular velocity 
of w = 14 rad/s, determine the velocity and acceleration of 
point C located on the corner of the plate at the instant 
shown. Express the result in Cartesian vector form. 


SOLUTION 


We will first express the angular velocity w of the plate in Cartesian vector form. The 
unit vector that defines the direction of w is 


0.31 + 0.25 + 0.6k 
V(-0.3)7 + 0.22 + 0.6 


Uoa 


Thus, 


2 6 
w = oto, = 14( i zj H s) =[ 6i + 4j + 12k] rad/s 


Since w is constant 
a=0 


For convenience, rc = [—0.3i + 0.4j] m is chosen. The velocity and acceleration of 
point C can be determined from 


Vo=wXIc 
(—6i + 4j + 12k) x (—0.3i + 0.4j) 
= [-4.8i — 3.6j — 1.2k] m/s 
and 


ac = aX rc+t w X (w Xr.) 


= 0 + (—6i + 4j + 12k) x [(—6i + 4j + 12k) x (—0.3i + 0.4j)] 


= [38.4i — 64.8j + 40.8k]m/s? 
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Ans: 


w= { 4.8i 
ac = {38.4 


3.6j 


64.8j 


1.2k } m/s 
40.8k } m/s? 
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*16-36. 


At the instant shown, the shaft and plate rotates with an 
angular velocity of œ = 14 rad/s and angular acceleration 
of a = 7 rad/s’. Determine the velocity and acceleration of 
point D located on the corner of the plate at this instant. 
Express the result in Cartesian vector form. 


SOLUTION 


We will first express the angular velocity w of the plate in Cartesian vector form. The 
unit vector that defines the direction of w and a is 


—0.3i + 0.25 + 0.6k 
V(-0.3)7 + 0.22 + 0.6 


uoa 


12k] rad/s 


2j + 6k] rad/s 

For convenience, rp = [—0.3i + 0.4j] m is chosen. The velocity and acceleration of 
point D can be determined from 

Vp = @XTp 


(—6i + 4j + 12k) x (0.3i — 0.4j) 


[4.81 + 3.6j + 1.2k] m/s 


and 


ap =a X rp- orp 


= (—3i + 2j + 6k) x (—0.3i + 0.4j) + (—6i + 4j + 12k) x [(—6i + 4j + 12k) x (—0.3i + 0.4j)] 


= [-36.0i + 66.6j — 40.2k] m/s? Ans. 
[ j 


Ans: 
vp = [4.8i + 3.6j + 1.2k] m/s 
ap = [-36.0i + 66.6j — 40.2k] m/s? 
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16-37. 


The rod assembly is supported by ball-and-socket joints at 
A and B. At the instant shown it is rotating about the y axis 
with an angular velocity w = 5 rad/s and has an angular 
acceleration a = 8rad/s*. Determine the magnitudes of 
the velocity and acceleration of point C at this instant. 
Solve the problem using Cartesian vectors and Eqs. 16-9 
and 16-13. 


SOLUTION 


U=wxXr 


Uc = 5j X (—0.4i + 0.3k) = {1.5i + 2k} m/s 
vc = V1.5 + 2? = 2.50 m/s 


ac=axX r- wr 


= 8j x (—0.4i + 0.3k)—5° (—0.4i + 0.3k) 


= {12.4i — 4.3k} m/s? 


ac = V12.4? + (—4.3)? = 13.1 m/s? 


Ans: 
Uc = 2.50 m/s 
ac = 13.1 m/s* 
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16-38. 


The sphere starts from rest at 6 = 0° and rotates with an 
angular acceleration of a = (40 + 1) rad/s’, where @ is in 
radians. Determine the magnitudes of the velocity and 
acceleration of point P on the sphere at the instant 
0 = 6rad. 


SOLUTION 


w dw = adé 


w 0 
f w dw = f (40 + 1) do 
0 0 


w = 20 

At 0 = 6rad, 

a = 4(6) + 1 =25rad/s*, œ = V4(6)? + 2(6) = 12.49 rad/s 
v = ar' = 12.49(8 cos 30°) = 86.53 in./s 


v = 7.21 ft/s 


(86.53)? 
(8 cos 30°) 


= 1080.8 in./s 


a, = ar? = 25(8 cos 30°) = 173.21 in./s? 


a = V (1080.8)? + (173.21)? = 1094.59 in./s? 
a = 91.2 ft/s? 


Ans: 
v = 7.21 ft/s 
a = 91.2 ft/s? 
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16-39. 


The end A of the bar is moving downward along the slotted 
guide with a constant velocity v,. Determine the angular 
velocity œ and angular acceleration œ of the bar as a 
function of its position y. 


SOLUTION 


Position coordinate equation: 


Time derivatives: 
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*16-40. 


At the instant 0 = 60°, the slotted guide rod is moving 
to the left with an acceleration of 2 m/s? and a velocity of 
5 m/s. Determine the angular acceleration and angular 
velocity of link AB at this instant. 


SOLUTION 


Position Coordinate Equation. The rectilinear motion of the guide rod can be 
related to the angular motion of the crank by relating x and 0 using the geometry 
shown in Fig. a, which is 


x = 0.2 cos 0 m 
Time Derivatives. Using the chain rule, 


x = —0.2(sin 0)6 a) 


¥ = —0.2[(cos 0)? + (sin 0)8] (2) 


Here x = v, ¥ =a, 0 = w and 6 = a when 0 = 60°. Realizing that the velocity 
and acceleration of the guide rod are directed toward the negative sense of x, 
v = —5 m/s anda = —2 m/s. Then Eq (1) gives 


—s = (—0.2(sin 60°)w 
w = 28.87 rad/s = 28.9 rad/s D 
Subsequently, Eq. (2) gives 
—2 = —0.2[cos 60°(28.877) + (sin 60°)a] 
a = —469.57 rad/s? = 470 rad/s” $ 


The negative sign indicates that æ is directed in the negative sense of 0. 
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Ans: 
w = 28.9 rad/s d) 
a = 470 rad/s” 5 
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16-41. 


At the instant 0 = 50°, the slotted guide is moving upward 
with an acceleration of 3m/s* and a velocity of 2 m/s. 
Determine the angular acceleration and angular velocity of 
link AB at this instant. Note: The upward motion of the 
guide is in the negative y direction. 


SOLUTION 


y = 0.3 cos 0 


y = vy = —0.3 sin 66 


y= ay = —0.3( sin 96 + cos 66°) 


Here v, = —2 m/s, a, = —3 m/s’, and 6 0,0 0,0 a,@ = 50°. 


—2 = —0.3 sin 50°(@) w = 8.70 rad/s 


= —0.3[sin 50°(a) + cos 50°(8.70)"] —50.5 rad/s” 


Ans: 
w = 8.70 rad/s 
a = —50.5 rad/s? 
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16-42. 


At the instant shown, 0 = 60°, and rod AB is subjected to a 


deceleration of 16m/s? when the velocity is 10 m/s. 
Determine the angular velocity and angular acceleration of 
link CD at this instant. 


—_> 
a = 16 m/s” 


SOLUTION 


x = 2(0.3) cos 0 


—0.6 sin 0(6) veins 


—0.6 cos 0(@)? — 0.6 sin 0(0) 
Using Eqs. (1) and (2) at 0 = 60°, x = 10 m/s, ¥ = —16 m/s’. 
10 = —0.6 sin 60°(w) 
= —19.245 = —19.2 rad/s 
—16 = —0.6 cos 60°(—19.245) — 0.6 sin 60°(a) 


= —183 rad/s? 
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Ans: 
w = —19.2 rad/s 
a = —183 rad/s? 
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16-43. 


The crank AB is rotating with a constant angular velocity of 
4 rad/s. Determine the angular velocity of the connecting 
rod CD at the instant 0 = 30°. 


SOLUTION 


Position Coordinate Equation: From the geometry, 


0.3 sind = (0.6 — 0.3 cos ġ) tan 0 


Time Derivatives: Taking the time derivative of Eq. [1], we have 


db _ 5,46 > „d0 ; w 
0.3 cos d a 0.6sec Ont 0.3( cos 0 sec Oy tan 0 sin a 


do = od — tan 0 sin ġ) | do [2] 


dt 0.3sec*0(2 — cosp) J dt 


0 d 
However, dt OBO K = wap = 4 rad/s. At the instant 0 = 30°, from Eq. [3], 


p = 60.0°. Substitute these values into Eq. [2] yields 


__ [ 0.3(cos 60.0° — tan 30° sin 60.0°) 
0.3 sec*30° (2 — cos 60.0°) 


MBC (4) = 0 
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*16-44, 


Determine the velocity and acceleration of the follower 
rod CD as a function of 6 when the contact between the cam 
and follower is along the straight region AB on the face of 
the cam. The cam rotates with a constant counterclockwise 
angular velocity w. 


SOLUTION 


Position Coordinate: From the geometry shown in Fig. a, 


7 
xc = = rsecd 
C cos 0 


Time Derivative: Taking the time derivative, 


Ucp = žc = r sec 0 tan 66 (1) 
Here, ð = +o since w acts in the positive rotational sense of 8. Thus, Eq. (1) gives 
Ucp = rwsec#tanéd > Ans. 
The time derivative of Eq. (1) gives 
acp = žc = r{sec 6 tan 06 + 6[sec 0(sec70ġ) + tan O(sec 0 tan 66)]} 
acp = r[sec@ tan 06 + (sec*@ + secé tan? 0)67] 
Since 6 = w is constant, 9 = a = 0.Then, 


acp = r[sec@ tan @(0) + (sec?@ + secé tan’ @)w7| 


= rar(sec? 0 + sec tar’ 0) => 
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Ans: 
UcD 
acp 


= rw sec 0 tan 0 —> 
= ra? (sec? 0 + sec 90 tan? 0) > 
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16-45. 


Determine the velocity of rod R for any angle 0 of the cam 
C if the cam rotates with a constant angular velocity œ. The 
pin connection at O does not cause an interference with the 
motion of A on C. 


SOLUTION 


Position Coordinate Equation: Using law of cosine. 


(7, + my = x7 4 a 2r,x cos 0 


Time Derivatives: Taking the time derivative of Eq. (1).we have 


. db | dx 
2n( xsin y t cos) 


dx do 
However v = Pa and w = T From Eq.(2), 


0 = xv — r,(vcos 0 — xw sin 0) 


rıxw sin 0 


r,cos@ — x 


However, the positive root of Eq.(1) is 


x = 1r,cos@ + Vr? cos 20 + r5 + 2rir2 


Substitute into Eq.(3),we have 


rjw sin 20 ; 
v= + ryw sind Ans. 
2Vr cosh + rZ + 2F arp 


Note: Negative sign indicates that v is directed in the opposite direction to that of 
positive x. 


rw sin 20 


2Vr?2 cos? + rê + 2rir 


+ row sin 0 
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16-46. 


The circular cam rotates about the fixed point O with a 
constant angular velocity œw. Determine the velocity v of the 
follower rod AB as a function of 6. 


SOLUTION 


dcos 6 + V(R + ry — (d sin 0° 


; d* sin 20 
= vag = —d sin 00 = 6 Where @ = wand vag = ~v 
2 EE) 
2V(R + r) — d° sind 


d? sin 20 
w 
2V(R + r}? — d sin? 0 


= -d sin (w) 


d sin 20 
2V(R + r° — d sir 0 


wd | sin 0 4 


Ans: 


d sin 20 ) 
2V(R + r} — d?sin? 6 


v= od (sing + 
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16-47. 


Determine the velocity of the rod R for any angle 0 of cam 
C as the cam rotates with a constant angular velocity w. The 
pin connection at O does not cause an interference with the 
motion of plate A on C. 


SOLUTION 


=r+rcos@ 


= -r sin 00 


—rw sin 0 


Ans: 
v = —rw sin 8 
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*16-48. 


Determine the velocity and acceleration of the peg A which 
is confined between the vertical guide and the rotating 
slotted rod. 


SOLUTION 


Position Coordinate Equation. The rectilinear motion of peg A can be related to 
the angular motion of the slotted rod by relating y and 0 using the geometry shown 
in Fig. a, which is 


y = btané 
Time Derivatives. Using the chain rule, 
y= b(sec? 6)6 
Y = b[2 sec 0(sec 0 tan 00) + sec” 00] 
Y = b(2 sec? Ø tan 067 + sec? 00) 


y=b sec? 6(2 tan 00? + 0) 
Here, y = v, y = a,0 = wand @ = a.Then Eqs. (1) and (2) become 
v = wb sec? 8 


a = b sec? 0(2w° tan 0 + a) 


f 

h 

! 

iii | be 
; 


Pres 


Ans: 
v = wb sec? 6 
a = b sec? 0(2%° tan 0 + a) 
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16-49. 
Bar AB rotates uniformly about the fixed pin A with a 


constant angular velocity œ. Determine the velocity and 
acceleration of block C, at the instant 0 = 60°. 


SOLUTION 
Lcos + Leos@ = L 


cos 0 + coso = 1 


sin 66] + sind d = 0 


cos 0(0)° + sin 06 + sind d + coso ($)? = 0 
When 0 = 60°, ġ = 60°, 


thus,@ = — = w (from Eq. (1)) 


$ = -1.155% (from Eq.(2)) 
Also, sc = Lsing — Lsiné 


vc = Leos $¢ — L cos 00 


ac = —L sin ẹ (b) + Lcos $(¢) — L cos 6(6) + L sin 0(6) 


At 6 = 60°, ġ = 60° 
sc = 0 
Uc = L(cos 60°)(—w) — L cos 60°(w) = -Lw = Lat 
ac = —Lsin 60°(—w)* + L cos 60°(—1.155w”) + 0 + L sin 60°(w)* 


ac = —0.577 Læ? = 0.577 Lo’ Î 


Ans: 
ve = Loft 
ac = 0.577 La*} 
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16-50. 


The center of the cylinder is moving to the left with a 
constant velocity vj. Determine the angular velocity œ and 
angular acceleration «œ of the bar. Neglect the thickness of 
the bar. 


SOLUTION 


Position Coordinate Equation. The rectilinear motion of the cylinder can be related 
to the angular motion of the rod by relating x and 0 using the geometry shown in 
Fig. a, which is 


r 
= = t 0/2 
x tan 6/2 rcot 6/ 


Time Derivatives. Using the chain rule, 


x= | (ese aj2)(4 b) 


i= -aler 8/2)6 
y= -z2 csc 0/2(—cse 0/2 cot aa ($ ao + (csc? a/2)0| 
x= 1 (ese? @/2cot 0/2)6? — (eso? /2)0 | 


x= 


2 
= (co 9/2)0? — J (2) 


Here X¥ = —vp9 since vo is directed toward the negative sense of x and 6 = w.Then 
Eq. (1) gives, 


—V = (csc? 0/2)w 


2v 
Psin? @ /2 
F 
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15-50. Continued 


Also, ¥ = 0 since v is constant and 6 = a. Substitute the results of w into Eq. (2): 
r csc? 6/2 


0= a (cot oa (2 sin? 4/2) = al 


= (cot oa (2 sin? 9/2) 


cos 0/2 


20 in 0/2)(cos 0/2) 


200 1 3 
~ a (2 sin 0/2 cos 0/2) (sin? 6/2) 


Since sin 0 = 2 sin 0/2 cos 6/2, then 
206 ‘i 
= ~z (sin 0) (sin? 0/2) 


2v 
sin? 6/2 
F 


205, o nfa 
7z (sin 0)(sin? 0/2) 
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16-51. 


The pins at A and B are confined to move in the vertical 
and horizontal tracks. If the slotted arm is causing A to move 
downward at v4, determine the velocity of B at the instant 
shown. 


SOLUTION 


Position coordinate equation: 


Time derivatives: 
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*16-52. 


The crank AB has a constant angular velocity w. Determine 
the velocity and acceleration of the slider at C as a function 
of 6. Suggestion: Use the x coordinate to express the motion 
of C and the ¢ coordinate for CB. x = 0 when ¢ = 0°. 


SOLUTION 
x=1+b-—(Leos¢ + bcos ð) 


b 
lsin d = b sin 0 or sin ġ = sine 
vc = x = lsin ġġ + b sin 00 


. b : 
cos dd = 7 eos 00 


2 
Since cos = V1 — sin? = ,/1 @ sin? 0 


then, 


Shasi 
I cos Ow 
2 
1 = (2) sin? 0 


b\. 
T sin 6 cos 0 
7) 
b= (2) sin? 0 


From Eq. (1) and (2): 


+ bw sin 0 


ee . . $ 2 
ac = vc = lo sind + lh cos dd + bcos a(o) 


a m b\. 
—sin $f? + cos Pp = -(*) sin 007 


. b 
g sin o — T sin 0 


$ = 


cos ġo 


Substituting Eqs. (1), (2), (3) and (5) into Eq. (4) and simplifying yields 


(2) (8) 


ac = ba? + COS 


3 
2 


eee) 
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16-53. 


If the wedge moves to the left with a constant velocity v, 
determine the angular velocity of the rod as a function of 0. 


SOLUTION 


Position Coordinates: Applying the law of sines to the geometry shown in Fig. a, 
XA L 
sin($ — 0) sin(180° — ¢) 
Lsin(¢ — 6) 
sin(180° — ¢) 


XA = 


However, sin(180° E $) = sind. Therefore, 


_ Lsin (¢ — 9) 
= sin ġ 


Time Derivative: Taking the time derivative, 
_ Loos (¢ — 0)(—0) 
sin ġ 
L cos (¢ — 0)0 
sin 


XA 


VA = XA 


qd) 


Since point A is on the wedge, its velocity is v4 = —v. The negative sign indicates 
that v4 is directed towards the negative sense of x ,. Thus, Eq. (1) gives 


o vsin ọ 
J L cos (¢ — 0) 
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Ans: 
Tn vsin d 
~ Lcos(¢ — 80) 
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16-54. 


The crate is transported on a platform which rests on 
rollers, each having a radius r. If the rollers do not slip, 
determine their angular velocity if the platform moves 
forward with a velocity v. 


SOLUTION 


Position coordinate equation: From Example 163, sg = ré. Using similar triangles 
S4 = 25g = 2r0 


Time derivatives: 


S4=v=2r0 Where 6 = w 
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16-55. 


Arm AB has an angular velocity of w and an angular 
acceleration of æ. If no slipping occurs between the disk D 
and the fixed curved surface, determine the angular velocity 
and angular acceleration of the disk. 


SOLUTION 
ds = (R + r) d0 = r dọ 


(2) 2) 
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*16-56. 


At the instant shown, the disk is rotating with an angular 
velocity of œ and has an angular acceleration of a. 
Determine the velocity and acceleration of cylinder B at 
this instant. Neglect the size of the pulley at C. 


SOLUTION 


s = V3? + 5? — 2(3)(5)cos 6 


1 : 
Up =s= 3 34 — 30 cos 6)” 2(30 sin 0)6 


15 w sin 6 
UR = 


(34 — 30 cos 6)? 


1 ; rors: 
. _ Lwcos 60 + 15% sin 0 (-}) ase ii (30 a oå ) 


3 
34 — 30 cos 0 (34 — 30 cos 0)? 


15 (œ? cos 0 + a sin 0) 225 w’ sin? 0 
(34 — 30 cos 0)? (34 — 30 cos 0)? 


Ans: 
15 æ sin 6 


BT 1 
(34 — 30 cos 6)? 

15 (w cos0 + asin 0) 225 w’ sin? 0 
(34 — 30 cos 0)? (34 — 30 cos 6)? 


apg 


686 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


16-57. 


At the instant shown the boomerang has an angular velocity 
w = 4rad/s, and its mass center G has a velocity 
vg = 6in./s. Determine the velocity of point B at this 
instant. 


SOLUTION 


Vp = YG + Vpijc 


vg = 6 + [4(1.5/sin 45°) = 8.4852 
oe ee ) ] 


(+) (vg), = 6 cos 30° + 0 = 5.196 in./s 


(+1)(vg)y = 6 sin 30° + 8.4852 = 11.485 in./s 


vg = V (5.196)? + (11.485)? = 12.3 in./s 


11.485 
= tan t a ie 
o= tan Sig 


Also; 

Vg = Vo t @ X EBG 

(vg)xi + (vg) j = (—6 cos 30°i + 6 sin 30°j) + (4k) x (1.5/sin 45°)i 
(vg)x = —6 cos 30° = —5.196 in./s 


(vg)y = 6 sin 30° + 8.4853 = 11.485 in./s 


vg = V(5.196)} + (11.485)? = 12.6 in./s 


Ans: 
vg = 12.6 in./s 
65.7° Sw 
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16-58. 


If the block at C is moving downward at 4 ft/s, determine 
the angular velocity of bar AB at the instant shown. 


SOLUTION 


Kinematic Diagram: Since link AB is rotating about fixed point A, then vz is always 
directed perpendicular to link AB and its magnitude is vg = wygrag = 2w,pz. At 
the instant shown, vz is directed towards the negative y axis. Also, block C is moving 
downward vertically due to the constraint of the guide. Then v, is directed toward 
negative y axis. 


Velocity Equation: Here, rcjg = {3 cos 30° + 3 sin 30°j} ft = {2.598% + 1.50j} ft. 
Applying Eq. 16-16, we have 


Vo = Vg t+ wpgc X fcs 
—4j = —2w4gj + (@gck) X (2.598i + 1.50j) 
—4j = —1.50wgci + (2.598wgc — 2wap)j 
Equating i and j components gives 
0 = —1.50wgc @gc = 0 


-4 = 2.598(0) = 2W AB WAB 7 2.00 rad/s 


Ans: 
wag = 2.00 rad/s 
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16-59. 

The link AB has an angular velocity of 3 rad/s. Determine B 1.5m C 

the velocity of block C and the angular velocity of link BC wag =3 ST 
at the instant 6 = 45°. Also, sketch the position of link BC 0.5 ms 


when 6 = 60°, 45°, and 30° to show its general plane motion. 


SOLUTION 
Rotation About Fixed Axis. For link AB, refer to Fig. a. 
Vg = Wap X Yap 
(3k) x (0.5 cos 45°% + 0.5 sin 45°j) 
= {—1.0607i + 1.0607j} m/s 


General Plane Motion. For link BC, refer to Fig. b. Applying the relative velocity 
equation, 


Vo = Vg + wgc X Ic/B 


vci = (1.06071 + 1.0607j) + (—wgck) X (1.58) 


vci = —1.0607i + (1.0607 — 1.5wgc)j 
Equating i and j components; 


—Uc = —1.0607 Uc = 1.0607 m/s = 1.06 m/s Ans. 


0 = 1.0607 — 1.5wgc gc = 0.7071 rad/s = 0.707 rad/s Ans. 


The general plane motion of link BC is described by its orientation when 0 = 30°, 
45° and 60° shown in Fig. c. 


Ans: 
vc = 1.06 m/s — 
gc = 0.707 rad/s 5 
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*16-60. 


The slider block C moves at 8 m/s down the inclined groove. 
Determine the angular velocities of links AB and BC, at the 
instant shown. 


SOLUTION 

Rotation About Fixed Axis. For link AB, refer to Fig. a. 
Vg = Map X Tap 
Vg = (~agpk) X (2i) = —2w4gj 


General Plane Motion. For link BC, refer to Fig. b. Applying the relative velocity 
equation, 


Vg = Vo + gc X ¥B/c 
—2w4gj = (8 sin 45° — 8 cos 45°j) + (wgck) x (2j) 
—2w4gj = (8 sin 45° — 2wgo)i — 8 cos 45°j 
Equating i and j components, 
0 = 8sin 45° — 2wgc - = 2.828 rad/s = 2.83 rad/s 5 
—2w4g = —8 cos 45° = 2.828 rad/s = 2.83 rad/s 2 


K 
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Ans: 
gc = 2.83 rad/s Ý 
wag = 2.83 rad/s 2 
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16-61. 


Determine the angular velocity of links AB and BC at the 
instant 6 = 30°. Also, sketch the position of link BC when 
0 = 55°, 45°, and 30° to show its general plane motion. 


SOLUTION 

Rotation About Fixed Axis. For link AB, refer to Fig. a. 
Vg = Map X YAB 
vg = (wask) X j = —øw4gi 


General Plane Motion. For link BC, refer to Fig. b. Applying the relative velocity 
equation, 


Vg = Vo + @gc X ¥pjc 
—wapi = 6j + (Weck) X (—3 cos 30°% + 3 sin 30°) 
—wapi = —15a@gci + (6 — 2.5981 wgo)j 
Equating i and j components, 


0 = 6 — 2.5981 wgc; ogc = 2.3094 rad/s = 2.31 rad/s Ý Ans. 


—wag = —1.5(2.3094); wag = 3.4641 rad/s = 3.46 rad/s 5 Ans. 


The general plane motion of link BC is described by its orientation when 0 = 30°, 
45° and 55° shown in Fig. c. 
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Ans: 
gc = 2.31 rad/s5 
wag = 3.46 rad/s 
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16-62. 


The planetary gear A is pinned at B. Link BC rotates 
clockwise with an angular velocity of 8 rad/s, while the outer 
gear rack rotates counterclockwise with an angular velocity 
of 2 rad/s. Determine the angular velocity of gear A. 


SOLUTION 


Kinematic Diagram: Since link BC is rotating about fixed point C. then vz is 
always directed perpendicular to link BC and its magnitude is vg = wgcrgc = 
8(15) = 120 in./s. At the instant shown. vp is directed to the left. Also, at the same 
instant, point E is moving to the right with a speed of vg = wsrcr = 
2(20) = 40 in. /s. 


Velocity Equation: Here, vgiz = w4rgje = 5@, Which is directed to the left. 
Applying Eq. 16-15, we have 


Vp = Vg +t VB/E 


bæ |- [e] + [se] 


(+) — 120 = 40 - Sw, 


w4 = 32.0 rad/s 


Ans: 
wa = 32.0 rad/s 
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16-63. 


If the angular velocity of link AB is w,gz = 3 rad/s, 
determine the velocity of the block at C and the angular 
velocity of the connecting link CB at the instant 0 = 45° 
and @ = 30°. 


SOLUTION 


CB (3) 
45° 


—Uc = 6 sin 30° — wep (3) cos 45° 
0 = —6 cos 30° + weg (3) sin 45° 
wcg = 2.45 rad/s 9 
Uc = 2.20 ft/s — 

Also, 

Vo = Vg + @ X Ecg 


—Uci = (6 sin 30°i — 6 cos 30°j) + (wcgK) X (3 cos 45°i + 3 sin 45°9) 


(+) —vc = 3 — 2.12wcg 


(+1) 0 = —5.196 + 2.12wcg 


wcg = 2.45 rad/s 5 


Uc = 2.20 ft/s — 


Ans: 
cp = 2.45 rad/sÝ 
Uc = 2.20 ft/s — 
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*16-64. 
The pinion gear A rolls on the fixed gear rack B with an 


angular velocity w = 4 rad/s. Determine the velocity of 
the gear rack C. 


SOLUTION 


Vo = Vg + VojB 


(+) v=0+ 4(06) 


Uc = 2.40 ft/s 


Vo = Vg + w X Iz 
—vci = 0 + (4k) x (0.6j) 


Uc = 2.40 ft/s 


Ans: 
Uc = 2.40 ft/s 
Uc = 2.40 ft/s 
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16-65. 


The pinion gear rolls on the gear racks. If B is moving to the 
right at 8 ft/s and C is moving to the left at 4 ft/s, determine 
the angular velocity of the pinion gear and the velocity of its 
center A. 


SOLUTION 
Vc = Vg + UC/B 
—4 = 8 — 0.6(w) 
w = 20 rad/s 
Va = Ug F VA/B 
va = 8 — 20(0.3) 


va = 2ft/s > 


Uc = Vg + w X rcg 
—4i = 8i + (wk) X (0.6j) 
—4 = 8 — 0.60 


w = 20 rad/s 


VA = Vg + w XTAB 


vai = 8i + 20k x (0.3j) 


va = 2 ft/s > 


Ans: 
w = 20 rad/s 
va = 2 ft/s —> 
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16-66. 


Determine the angular velocity of the gear and the velocity 
of its center O at the instant shown. 


SOLUTION 


General Plane Motion: Applying the relative velocity equation to points B and C 
and referring to the kinematic diagram of the gear shown in Fig. a, 


VB = Vc + w X Fic 
3i = —4i + (—wk) x (2.25j) 
3i = (2.25w — 4)i 
Equating the i components yields 
3 = 2.250 — 4 
w = 3.111 rad/s 
For points O and C, 


Vo = Vo + w X Toc 


= —4i + (-3.111k) x (1.5j) 


= [0.66671] ft/s 


vo = 0.667 ft/s > 


Ans: 
w = 3.11 rad/s 
vo = 0.667 ft/s > 
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16-67. 


Determine the velocity of point A on the rim of the gear at 
the instant shown. 


SOLUTION 


General Plane Motion: Applying the relative velocity equation to points B and C 
and referring to the kinematic diagram of the gear shown in Fig. a, 


Vg = Vo + w X ¥gic 
3i = —4i + (—wk) x (2.25j) 
3i = (2.25% — 4)i 
Equating the i components yields 
3 = 2.25w — 4 
w = 3.111 rad/s 
For points A and C, 


va = Yc + @ X Trac 


(va)xi + (va), j = —4i + (—3.111k) x (—1.061i + 2.561j) 


(va)xi + (va)yj = 3.9665i + 3.2998; 


Equating the i and j components yields 
(va) = 3.9665 ft/s (va)y = 3.2998 ft/s 


Thus, the magnitude of v, is 


va = V(va)k? + (va)? = V3.9665? + 3.2998? = 5.16 ft/s 


and its direction is 


0 = tan 


Ans: 
va = 5.16 ft/s 
0 = 39.8? 4 
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*16-68. 


Knowing that angular velocity of link AB is 
wap = 4 rad/s, determine the velocity of the collar at C 
and the angular velocity of link CB at the instant shown. 
Link CB is horizontal at this instant. 


SOLUTION 


UB = WABTAB 
= 4(0.5) = 2 m/s 


vg = {-2 cos 30°i + 2 sin 30°j } m/s vc = —vccos 45°i — vesin 45°j 


u= wpck Tc/B = {—0.35i} m 


vc = Vg + w X EC/B 

—vç cos 45°i — vc sin 45°j = (—2 cos 30°% + 2 sin 30°) ) + (wgck) X (—0.35i ) 
—vç cos 45°i — vc sin 45°j = —2 cos 30°% + (2 sin 30° — 0.35wgọ)j 

Equating the i and j components yields: 

—vc cos 45° = —2 cos 30° Uc = 2.45 m/s 


—2.45 sin 45° = 2 sin 30° — 0.35@gc wgc = 7.81 rad/s 


Ans: 
Uc = 2.45 m/s 
wpgc = 7.81 rad/s 
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16-69. 


Rod AB is rotating with an angular velocity of 
wag = 60 rad/s. Determine the velocity of the slider C at 
the instant 0 = 60° and @ = 45°. Also, sketch the position 
of bar BC when 0 = 30°, 60° and 90° to show its general 
plane motion. 


SOLUTION 
Rotation About Fixed Axis. For link AB, refer to Fig. a. 


Vg = w4g X Yap 


= (60k) x (—0.3 sin 60°i + 0.3 cos 60°j) 
= {-9i — 9V3j} m/s 


General Plane Motion. For link BC, refer to Fig. b. Applying the relative velocity 
equation, 


Vo = Vg + wgc X Ecg 
—vcj = (—9i — 9V3 j) + (wpck) X (—0.6 sin 45% — 0.6 cos 45°j) 
—vcj = (0.3V2oøgc — 9)i + (-0.3V2øgc — 9V3)j 

Equating i components, 


0 =0.3V2øgc -9  wgc = 15V2 rad/s = 21.2 rad/s 9 


Then, equating j components, 


—vc = (—0.3V2)(15V2) — 9V3; vc = 24.59 m/s = 24.6m/s} Ans. 


The general plane motion of link BC is described by its orientation when 0 = 30°, 
60° and 90° shown in Fig. c. 
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@,p = 60 rad/s 


Ans: 
ve = 24.6 m/s4 
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16-70. 


The angular velocity of link AB is w4, =5 rad/s. 
Determine the velocity of block C and the angular velocity 
of link BC at the instant 0 = 45° and ¢ = 30°. Also, sketch 
the position of link CB when @ = 45°, 60°, and 75° to show 
its general plane motion. 


SOLUTION 
Rotation About A Fixed Axis. For link AB, refer to Fig. a. 
Vg = Wap X ap 


(5k) X (—3 cos 45° — 3 sin 45°j ) 


15V2, 15V2, 


2 2 


m/s 


General Plane Motion. For link BC, refer to Fig. b. Applying the relative velocity 
equation, 
Vo = Vg + Wp X Tos 


15V2, 15V2, 


2 2 


+ (wgck) X (2 sin 30° i — 2 cos 30°) 


15sV2 _ 1sv2 


2 F 3 wgc i + WBC 2 j 


Equating j components, 


O = : 15V2 T = 10.6rad/s 5 


Then, equating i components, 


vc = = 28.98 m/s = 29.0 m/s > 


aL Er ac 


700 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


16-70. Continued 


The general plane motion of link BC is described by its orientation when 0 = 45°, 
60° and 75° shown in Fig. c 


Ans: 
wgc = 10.6 rad/s Ý 
vc = 29.0 m/s > 
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16-71. 


The similar links AB and CD rotate about the fixed pins Bt 300 mm —+— 300 mm—} p 

at A and C. If AB has an angular velocity o = a \ 
wap = 8 rad/s, determine the angular velocity of BDP and 

the velocity of point P. 


300 mm 


v 


wag = 8rad/s 700 mm 


SOLUTION 


Vp = Vg + w X p/p 


—Up cos 30°i — vp sin 30°] = —2.4 cos 30°% + 2.4 sin 30°j + (wk) x (0.63) 
—Up cos 30° = —2.4 cos 30° 


—Up sin 30° = 2.4 sin 30° + 0.6@ 


Up = 2.4m/s 


w = — 4rad/s 

Vp = Vg + w X ¥p;p 

vp = —2.4 cos 30% + 2.4 sin 30°9j + (—4k) x (0.31 — 0.7j) 
(vp), = —4.88 m/s 

(vp), =0 


Up = 4.88 m/s — 


Ans: 
Up = 4.88 m/s <— 
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*16-72. 


If the slider block A is moving downward at 
va = 4m/s, determine the velocities of blocks B and C at 
the instant shown. 


SOLUTION 


Up = VA T UB/A 
= 4} + w,4,(0.55) 


) vp = 0+ wan(0.55 2) 
(+f) 0=-4+ o (0.55) $) 


Solving, 


wag = 9.091 rad/s 
vg = 3.00 m/s 
Up = Va + Vpja 
vp = 4 + [(0.3)(9.091) = 2.727] 
Lh, 


Ve = Vp + Uc/D 
Uc = 4 + 2.727 + wez(0.4) 
> } 4 130° 


2.727 (2) wep (0.4)(sin 30°) 


4 
(+1) O= 2.727 ( 2) + wcgl0.4)(cos 30°) 
wcg = 5.249 rad/s 
Uc = 0.587 m/s 
Also: 


Vg = V4 t+ Wap X IB/A 


i = —4j + (~w4gk) X {Fossi + Sassi} 
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*16-72. Continued 


vg = w,4p(0.33) 

—4 + 0.44w4g 
wag = 9.091 rad/s 
vg = 3.00 m/s 


Yp = VA F WAB x IB/A 


Up = —4j + (—9.091k) x {tosi F 03} 


Up = {1.636i — 1.818j} m/s 
Vc = Vp + WE X cp 
vci = (1.6361 — 1.818j) + (~wcrk) X (—0.4 cos 30% — 0.4 sin 30%) 
ve = 1.636 — 0.20cF 
—1.818 — 0.346wck 
wcg = 5.25 rad/s 


Uc = 0.587 m/s 


Ans: 

vg = 3.00 m/s 
vc = 0.587 m/s 
vg = 3.00 m/s 
vc = 0.587 m/s 
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16-73. 


If the slider block A is moving downward at v, = 4 m/s, 
determine the velocity of point E at the instant shown. 


SOLUTION 


See solution to Prob. 16-87. 


T VEJD 


+ 2,727 + (5.249)(0.3) 5.40g 
H A 
p 


OF 


i N 30° 


(5>) (vg), = 0 + 2.727 (2) 5.249(0.3)(sin 30°) 


) (ve) = 4 — 2.727 ($) 5.249(0.3)(cos 30°) 
(Vg), = 2.424 m/s > 


(ve), = 3.182 m/s 4 


vg = V (2.424)? + (3.182)? = 4.00 m/s 


3.182 
0 = an ( ) = 52.7° 


2.424 
Also: 


See solution to Prob. 16-87. 
Ve = Vp + WcE X FEJD 
Ve = (1.636i — 1.818j) + (—5.25k) X {cos 30°(0.3)i — 0.4 sin 30°(0.3)j} 


ve = {2.4241 — 3.182j} m/s 


ve = V (2.424)? + (3.182)? = 4.00 m/s 


Ans: 
vg = 4.00 m/s 


0 = 52.7°% 
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16-74. 


The epicyclic gear train consists of the sun gear A which is 
in mesh with the planet gear B. This gear has an inner hub C 
which is fixed to B and in mesh with the fixed ring gear R. If 
the connecting link DE pinned to B and C is rotating at 
wpg = 18 rad/s about the pin at E, determine the angular 
velocities of the planet and sun gears. 


SOLUTION 

Up = rpg pe = (0.5)(18) = 9 m/s Î 

The velocity of the contact point P with the ring is zero. 
Vp = Vp + w X Yrp/p 

9j = 0 + (—wg k) X (—0.1i) 

wg = 90 rad/s 2 

Let P’ be the contact point between A and B. 


Vp =VptTr@o x Ip/p 


vp j = 0 + (—90k) x (—0.4i) 


vp = 36 m/s Î 


bp 36 
wa = a E 180 rad/s 5 


Ans: 
wg = 90 rad/s D 
w, = 180 rad/s 5 
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16-75. 


If link AB is rotating at w4, = 3 rad/s, determine the 
angular velocity of link CD at the instant shown. 


SOLUTION 


Vg = wap X EBJA 
vc = wcp X c/p 


Vo = Vg t wgc X c/s 


(@cpk) X (—4 cos 45° + 4 sin 45°j) = (—3k) X (6i) + (wgck) X (—8 sin 30°i — 8 cos 30°F) 


—2.828wcp = 0 + 6.928wgc 
—2.828wcp = —18 — 4wgc 
Solving, 

wgc = —1.65 rad/s 

wcp = 4.03 rad/s 


Ans: 
wcp = 4.03 rad/s 
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*16-76. 


If link CD is rotating at wçp = 5 rad/s, determine the 
angular velocity of link AB at the instant shown. 


SOLUTION 
Vg = wap X EBJA 
vc = wcp X c/p 


Vg = Vc +t wgc X ťB/C 


(—wagK) X (6i) = (5k) x (—4 cos 45°i + 4 sin 45°j) + (wgck) X (8 sin 30°% + 8 cos 30°j) 


0 = —14.142 — 6.9282wgc 


6wag = —14.142 + 4wgc 
Solving, 
wag = 3.72 rad/s 
wgc = —2.04 rad/s 


Ans: 
wag = 3.72 rad/s 
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16-77. 


The planetary gear system is used in an automatic 
transmission for an automobile. By locking or releasing 
certain gears, it has the advantage of operating the car at 
different speeds. Consider the case where the ring gear R is 
held fixed, wr = 0, and the sun gear S is rotating at 
ws = 5 rad/s. Determine the angular velocity of each of the 
planet gears P and shaft A. 


SOLUTION 
va = 5(80) = 400 mm/s <— 
Vp = 0 
Vg = Vat o X Fp 
—400i + (w, k) x (80j) 
-400i — 800, i 
wp = —Srad/s = 5 rad/s 


Vo = Vg t w X Icyg 


vc = 0 + (—5k) x (—40j) = —200i 


200 


®A ™ 120 


= 1.67 rad/s 


Ans: 
wp = 5 rad/s 


wa = 1.67 rad/s 
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16-78. 


If the ring gear A rotates clockwise with an angular velocity 
of w4 = 30 rad/s, while link BC rotates clockwise with an 
angular velocity of wgc = 15 rad/s, determine the angular 
velocity of gear D. 


SOLUTION 


Rotation About A Fixed Axis. The magnitudes of the velocity of Point E on the rim 
and center C of gear D are 


VE = wara = 30(0.3) = 9 m/s 
Uc = wgcrgc = 15(0.25) = 3.75 m/s 
General Plane Motion. Applying the relative velocity equation by referring to Fig. a, 
Ve = Vo + wp X Vgc 
9i = 3.751 + (—wpk) x (0.05j) 
9i = (3.75 + 0.05wp)i 
Equating i component, 


9 = 3.75 + 0.05wp 


wp = 105 rad/s 2) 
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Ans: 
wp = 105 rad/s > 
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16-79. 


The mechanism shown is used in a riveting machine. It 
consists of a driving piston A, three links, and a riveter which 
is attached to the slider block D. Determine the velocity of 
D at the instant shown, when the piston at A is traveling at 
va = 20 m/s. 


SOLUTION 


Kinematic Diagram: Since link BC is rotating about fixed point B, then vç is always 
directed perpendicular to link BC. At the instant shown. vc = —vc cos 30°% + 
Uc sin 30°j = —0.8660 vci + 0.500vcj. Also, block D is moving towards the 
negative y axis due to the constraint of the guide. Then. vp = —vpj. 


Velocity Equation: Here, v4 = {—20 cos 45°i + 20 sin 45°j}m/s = {-14.14i + 14.14j} 
m/s and rcjq = {—0.3cos 30°i + 0.3sin 30°j jm = {—0.2598i + 0.150j} m. Applying 
Eq. 16-16 to link AC, we have 


ve = Ya F WAC x Ic/A 


—0,8660 uci + 0.500 vcj = —14.14i + 14.14j + (wack) X (—0.2598i + 0.150j) 


—0.8660 vci + 0.500vcj = —(14.14 + 0.150w4c)i + (14.14 — 0.25980 4c)j 
Equating i and j components gives 
—0.8660 vc = —(14.14 + 0.150 @,4¢) 
0.500 vc = 14.14 — 0.2598 4c 
Solving Eqs. [1] and [2] yields 


wac = 17.25 rad/s Uc = 19.32 m/s 


Thus, vc = {-19.32 cos 30°i + 19.32 sin 30°j} m/s = {—16.73i + 9.659j} m/s and 
Ipc = {—0.15 cos 45°% — 0.15 sin 45°j }m = {—0.1061i — 0.1061j} m. Applying Eq. 
16-16 to link CD, we have 


Vp = Vo + Wp X Ipc 


vpj = —16.73i + 9.659) + (wcpk) X (—0.1061i — 0.1061j) 
—vpj = (0.1061wcp — 16.73)i + (9.659 — 0.1061wcp)j 
Equating i and j components gives 
0 = 0.106lwep — 16.73 
—vp = 9.659 — 0.1061 wcp 
Solving Eqs. [3] and [4] yields 
wcp = 157.74 rad/s 


vp = 7.07 m/s 


Ans: 
vp = 7.07 m/s 
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*16-80. 


The mechanism is used on a machine for the manufacturing 
of a wire product. Because of the rotational motion of link 
AB and the sliding of block F, the segmental gear lever DE 
undergoes general plane motion. If AB is rotating at 
@,p = 5 rad/s, determine the velocity of point E at the 
instant shown. 


SOLUTION 
vg = wagrag = 5(50) = 250 mm/s 45° NX 
= Vg + Yc/B 
= 250 + wgc(200) 
45° 45° 7 


0 = 250 sin 45° — wgc(200) sin 45° 


Uc = 250 cos 45° + wgc(200) cos 45° 

Solving, 

vc = 353.6 mm/s; wpgc = 1.25 rad/s 

Vp = Vo + Yc ne 750 ms 


j ee 


vU, = 353.6 + uaea = 25] 


= v F YD/p 


— l T 


Up = 353.6 + 0 + 0 


0 = 0 + (1.25)(20) — wpg(20) 
Solving, 
vp = 353.6 mm/s; wpg = 1.25 rad/s 
= Vp + VEJD 
= 353.6 + 1.25(50) 
ds <- 245° 


F)  vgceos o = 353.6 — 1.25(50) cos 45° 


tt) vgsind = 0 + 1.25(50) sin 45° 
Solving, 
vg = 312 mm/s 


$ = 8.13° 
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*16-80. Continued 


Also; 
Vg = WAB X ¥pB/a 


Vo = Vg + wgc X C/B 


Udi = (—5k) x (—0.05 cos 45°i — 0.05 sin 45°j) + (wgck) X (—0.2 cos 45°i + 0.2 sin 45°j) 
—vc = —0.1768 — 0.1414wgc 
0 = 0.1768 — 0.1414w%¢ 
wpgc = 1.25 rad/s, Uc = 0.254 m/s 


+ wgc X Epc 


WODE x ID/p 


F Wace X Upc + WDE X Epjp 
vpi = —0.354i + (1.25k) X (—0.02i) + (wpek) X (—0.02i) 
vp = —0.354 
~0.025 — wp,(0.02) 
Up = 0.354 m/s, wpg = 1.25 rad/s 


Ve = Vp + Wpr X Ye/p 


(Vg) i + (ve) j = —0.354i + (—1.25k) x (—0.05 cos 45° + 0.05 sin 45°j) 


(vg), = —0.354 + 0.0442 = —0,3098 
(ve), = 0.0442 


ve = V(—0.3098)? + (0.0442)? = 312 mm/s 


0.0442 
= tan! = 8.13° 
= ten (%2) 


Ans: 

vg = 312 mm/s 
$ = 8.13° 

vg = 312 mm/s 
ob = 8.13° 
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16-81. 
In each case show graphically how to locate the 


instantaneous center of zero velocity of link AB. Assume 
the geometry is known. 


SOLUTION 


a) tw 
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16-82. 


Determine the angular velocity of link AB at the instant 
shown if block C is moving upward at 12 in./s. 


SOLUTION 


4 TIC-B ric-c 
sin 45° sin30° ~—s sin 105° 


ric-c = 5.464 in. 
rıc-g = 2.828 in. 
vc = wgc(ric-c) 
12 = wgc(5.464) 
wpgc = 2.1962 rad/s 
vg = wgc(rıc-B) 
= 2.1962(2.828) = 6.211 in./s 
Ug = ®aBl AB 
6.211 = w4g(5) 


wasg = 1.24 rad/s 


Ans: 
wap = 1.24 rad/s 
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16-83. 


The shaper mechanism is designed to give a slow cutting 
stroke and a quick return to a blade attached to the slider 
at C. Determine the angular velocity of the link CB at the 
instant shown, if the link AB is rotating at 4 rad/s. 


SOLUTION 


Kinematic Diagram: Since linke AB is rotating about fixed point A, 
then v, is always directed perpendicular to link AB and its magnitude is 
Up = wagas = 4(0.3) = 1.20 m/s. At the instant shown, vz, is directed at an angle 
30° with the horizontal. Also, block C is moving horizontally due to the constraint 
of the guide. 


Instantaneous Center: The instantaneous center of zero velocity of link BC at the 
instant shown is located at the intersection point of extended lines drawn 
perpendicular from v, and vç. Using law of sines, we have 


reic 0.125 
sin45° sin30° BIC 0.1768 m 
Dy = 1.20 m/s 


'C/IC 0.125 
=E „rc = 0.2415 
sin 105° sin 30° rcjic = 


The angular velocity of bar BC is given by 


UB 1.20 
TB/IC 0.1768 


= 6.79 rad/s 


BC 


Ans: 
@gc = 6.79 rad/s 
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*16-84. 


The conveyor belt is moving to the right at v = 8 ft/s, and at 
the same instant the cylinder is rolling counterclockwise at 
w = 2 rad/s without slipping. Determine the velocities of 
the cylinder’s center C and point B at this instant. 


SOLUTION 


8 
ra- = 5 = Att 


Uc = 2(3) = 6.00 ft/s > 
vg = 2(2) = 4.00 ft/s > 
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v 
—_ 


6666/6666 6 
A 


Ans: 
Uc = 6.00 ft/s > 
vg = 4.00 ft/s > 
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16-85. 


The conveyor belt is moving to the right at v = 12 ft/s, and 
at the same instant the cylinder is rolling counterclockwise 
atw = 6 rad/s while its center has a velocity of 4 ft/s to the 
left. Determine the velocities of points A and B on the disk 
at this instant. Does the cylinder slip on the conveyor? 


SOLUTION 
tie” - = 0.667 ft 


va = 6(1 — 0.667) = 2 ft/s > 


vg = 6(1 + 0.667) = 10 ft/s — 


Since v4 # 12 ft/s the cylinder slips on the conveyer. 
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v 
— 


6©666/6666 6 
A 


Ans: 

va = 2ft/s— 

vg = 10 ft/s — 
The cylinder slips. 
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16-86. 


As the cord unravels from the wheel’s inner hub, the wheel 
is rotating at w = 2 rad/s at the instant shown. Determine 
the velocities of points A and B. 


SOLUTION 
rpc =S+2=7in. Tasic 7 VZ + 52 = V/29 in. 
UB = @IrsBiic = 2(7) = 14 in./s l 


O w FAJ/IC = 2( 29) = 10.8 in./s 


2 
0 = tan-'(2) = 21.8° S 
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Ans: 

vg = 14in./s} 
va = 10.8 in./s 
6 =218 N9 
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16-87. 


If rod CD is rotating with an angular velocity 
cp = 41ad/s, determine the angular velocities of rods AB 
and CB at the instant shown. 


SOLUTION 
Rotation About A Fixed Axis. For links AB and CD, the magnitudes of the 


velocities of C and D are 
Uc = Wcprcp = 4(0.5) = 2.00 m/s 
vg = MaBlap = @ap(1) 
And their direction are indicated in Fig. a and b. 
General Plane Motion. With the results of vç and vp, the JC for link BC can be 


located as shown in Fig. c. From the geometry of this figure, 


rojic = 0.4 tan 30° = 0.2309 m = 0.4619 m 


Tae cos 30° 


Then, the kinematics gives 
Uc = WBC CIC 2.00 = wg (0.2309) 
gc = 8.6603 rad/s = 8.66 rad/s 5 
UB = @BCTB/IC w,p(1) = 8.6603(0.4619) 
wap = 4.00 rad/s >) 
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Ans: 
pc = 8.66 rad/s Ý 
wag = 4.00 rad/s ) 
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*16-88. 


If bar AB has an angular velocity w4g = 6 rad/s, determine 
the velocity of the slider block C at the instant shown. 


SOLUTION 


Kinematic Diagram: Since link AB is rotating about fixed point A, then vg 
is always directed perpendicular to link AB and its magnitude is 
vg = W4pl ag = 6(0.2) = 1.20 m/s. At the instant shown. vz is directed with an 
angle 45° with the horizontal. Also, block C is moving horizontally due to the 
constraint of the guide. 


Instantaneous Center: The instantaneous center of zero velocity of bar BC at the 
instant shown is located at the intersection point of extended lines drawn 
perpendicular from vz and vc . Using law of sine, we have 


FBJIC 0.5 


= > = 0.6124 
sin 60° sin 45° "B/I i 


'C/IC 0.5 
sin 75° sin45° | CAC 0.6830 m 
The angular velocity of bar BC is given by 


UB 1.20 


OBC = 1.960 rad/s 


rjc 0.6124 


Thus, the velocity of block C is 


Uc = WBC 'C/IC = 1.960(0.6830) = 1.34 m/s = 
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Ans: 
vc = 1.34 m/s — 
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16-89. 


Show that if the rim of the wheel and its hub maintain 
contact with the three tracks as the wheel rolls, it is necessary 
that slipping occurs at the hub A if no slipping occurs at B. 
Under these conditions, what is the speed at A if the wheel 
has angular velocity w? 


SOLUTION 
IC isat B. 


n= on- rn) > 
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16-90. 


Due to slipping, points A and B on the rim of the disk have vg = 10ft/s B 
the velocities shown. Determine the velocities of the center 
point C and point D at this instant. 


SOLUTION 


16-—x _ 
5 10 


5x = 16 — 10x 
x = 1.06667 ft 


10 


w = 1.06667 = 9.375 rad/s 


rıc-p = V (0.2667)? + (0.8)? — 2(0.2667)(0.8) cos 135° = 1.006 ft 


sing — sin 135° 
0.2667 1.006 


$ = 10.80° 
ve = 0.2667(9.375) = 2.50 ft/s — 
Vp = 1.006(9.375) = 9.43 ft/s 


0 = 45° + 10.80° = 55.8° N 


Ans: 

Uc = 2.50 ft/s — 
Up = 9.43 ft/s 

6 = 55.8° N 
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16-91. 


Due to slipping, points A and B on the rim of the disk have vg = 10 ft/s B 
the velocities shown. Determine the velocities of the center 
point C and point E at this instant. 


SOLUTION 
16-—x | 
5 10 
5x = 16 — 10x 
x = 1.06667 ft 


© 10 
e — 1.06667 


= 9.375 rad/s 

Uc = WTic -c) 
9.375(1.06667 — 0.8) 
2.50 ft/s — 


= o(T/c~ £) 


9.375 V (0.8)? + (0.26667) 


7.91 ft/s 


_ tant (026667 
0.8 


=18.4° J 


= 2.50 ft/s — 
= 7.91 ft/s 
0 = 18.494 
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*16-92. 


Member AB is rotating at w4g = 6 rad/s. Determine the ph 200 mm —--— 200 mm —* 
velocity of point D and the angular velocity of members © © 
BPD and CD. 


SOLUTION 


Rotation About A Fixed Axis. For links AB and CD, the magnitudes of the 
velocities of B and D are 


UB = WaplaB = 6(0.2) = 1.20 m/s Up = @cp(0.2) 
And their directions are indicated in Figs. a and b. 


General Plane Motion. With the results of vz and vp, the JC for member BPD can 
be located as show in Fig. c. From the geometry of this figure, 


TB/IC = TD/IC = 0.4m 
Then, the kinematics gives 


UB 1.20 
WBPD — Faire = GA. = 3.00 rad/s 2 


Up = wgppřpjic = (3.00)(0.4) = 1.20 m/s # 
Thus, 

Up = @cp(0.2); 1.2 = wcp(0.2) 

cp = 6.00 rad/s 5 


OM ap atoms 


Ps 


@BPD 7 3.00 rad/s P) 
Up = 1.20 m/s ⁄ 
wcp = 6.00 rad/s 5 
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16-93. 


Member AB is rotating at w4z = 6 rad/s. Determine the p 200 mm —--— 200 mm — p 
velocity of point P, and the angular velocity of member BPD. ES (6) 


SOLUTION 


Rotation About A Fixed Axis. For links AB and CD, the magnitudes of the 
velocities of B and D are 
UB = WaplaB = 6(0.2) = 1.20 m/s Up = wcp(0.2) 


And their direction are indicated in Fig. a and b 


General Plane Motion. With the results of vg and vp, the JC for member BPD can 
be located as shown in Fig. c. From the geometry of this figure 


rejic = 0.4m rpjıc = 0.25 + 0.2 tan 60° = 0.5964 m 
Then the kinematics give 


UB 1.20 
= —— = —— = 3,00 rad 
BPD TRE 04 rad/s ə 


Up = ®ppplP/IC == (3.00)(0.5964) = 1.7892 m/s = 1.79 m/s q 


OIM ap ajome 


Gd 


Ans: 
wWBPD 7 3.00 rad/s 2 
vp = 1.79 m/s — 
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16-94. 


The cylinder B rolls on the fixed cylinder A without slipping. 
If connected bar CD is rotating with an angular velocity 
cp = 5 rad/s, determine the angular velocity of cylinder 
B. Point Cis a fixed point. 


SOLUTION 
vp = 5(0.4) = 2m/s 


2 
wg = 03 = 6.67 rad/s 
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Ans: 
wg = 6.67 rad/s 
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16-95. 


As the car travels forward at 80 ft/s on a wet road, due to 
slipping, the rear wheels have an angular velocity 
w = 100 rad/s. Determine the speeds of points A, B, and C 
caused by the motion. 


SOLUTION 


80 
= —— = 08 ft 
100 


v4 = 0.6(100) = 60.0 ft/s > 


Uc = 2.2(100) = 220 ft/s — 


Vg = 1.612(100) = 161 ft/s FN 
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80 ft/s 


Tas ot ty 
= JG ft 


= 60.0 ft/s > 

= 220 ft/s — 
161 ft/s 
0 = 60.3° SX 
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*16-96. 


The pinion gear A rolls on the fixed gear rack B with an 
angular velocity wœ = 8 rad/s. Determine the velocity of the 
gear rack C. 


SOLUTION 


General Plane Motion. The location of IC for the gear is at the bottom of the gear 
where it meshes with gear rack B as shown in Fig. a. Thus, 


Vc = @rc/ic = 8(0.3) = 2.40 m/s =S Ans. 
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Ans: 
vc = 2.40 m/s + 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


16-97. 


If the hub gear H and ring gear R have angular velocities 
wy = 5rad/s and wr = 20 rad/s, respectively, determine 
the angular velocity ws of the spur gear S and the angular 
velocity of its attached arm OA. 


SOLUTION 


5 _ 0.75 
O:1.—x x 


x = 0.01304 m 


0.75 0(0250)? 5 "fs 


5 ws 
va = 57.5(0.05 — 0.01304) = 2.125 m/s so-s) = 015% er) 


= = 57.5 rad 
es = 0.01304 rad/s. 


—— = 10.6 rad/s 5 


Ans: 
ws = 57.5 rad/s) 
woa = 10.6 rad/s Ý 
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16-98. 


If the hub gear H has an angular velocity wy = 5 rad/s, 
determine the angular velocity of the ring gear R so that 
the arm OA attached to the spur gear S remains stationary 
(woa = 0). What is the angular velocity of the spur gear? 


SOLUTION 
The /C is at A. 


0.75 
aT 15.0 rad/s 


0.75 
ee g o. TS 
OR = 5950 3.00 rad/s m 


Jos 


5(0.150)=9. TS mg 


Ans: 
ws = 15.0 rad/s 
wr = 3.00 rad/s 
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16-99. 
The crankshaft AB rotates at w4g = 50 rad/s about the 
fixed axis through point A, and the disk at C is held fixed in 


its support at E. Determine the angular velocity of rod CD 
at the instant shown. 


SOLUTION 


TB/IC = 


wag = 50 rad/s 
a4 


B À" 
ee mm — 


rFFjJIc = 


5 
osr = 06 = 8.333 rad/s 


vp = 8.333(0.5196) = 4.330 m/s 


4.330 


wcp 7 0.075 = 5/21 rad/s 


Vee selo.l)=Sm]s 


Ans: 
cp = 57.7 rad/s) 
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*16-100. 


Cylinder A rolls on the fixed cylinder B without slipping. If 
bar CD is rotating with an angular velocity of 
cp = 3 rad/s, determine the angular velocity of A. 


SOLUTION 
Rotation About A Fixed Axis. The magnitude of the velocity of C is 
Uc = Wcplpc = 3(0.4) = 1.20 m/s —- 


General Plane Motion. The IC for cylinder A is located at the bottom of the cylinder 
where it contacts with cylinder B, since no slipping occurs here, Fig. b. 


Uc = WAT CIC; 1.20 = w,(0.2) 


w4 = 6.00 rad/s 2 
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Ans: 
w, = 6.00 rad/s 2 
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16-101. 


The planet gear A is pin connected to the end of the link 
BC. If the link rotates about the fixed point B at 
4 rad/s, determine the angular velocity of the ring gear R. 
The sun gear D is fixed from rotating. 


SOLUTION 

Gear A: 

vc = 4(225) = 900 mm/s 
_ 900 _ vr 

nA 75 T50 

Vr = 1800 mm/s 

Ring gear: 


1800 
wr = ~~ = 4rad/s 


450 


Ans: 
Wr = 4rad/s 
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16-102. 


Solve Prob. 16-101 if the sun gear D is rotating clockwise 
at wp = Srad/s while link BC rotates counterclockwise at 
wgc = 4rad/s. 


SOLUTION 

Gear A: 

Up = 5(150) = 750 mm/s 
vc = 4(225) = 900 mm/s 


x T=% 
750 900 
x = 34.09 mm 


750 
w= 34.09 = 22.0 rad/s 


Ur = [75 + (75 — 34.09)](22) = 2550 mm/s 


Ring gear: 


750 m 2550 
x x + 450 
x = 187.5 mm 
750 


WR = 1875 4rad/s 5 


Ans: 
wr = 4rad/s 
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16-103. 


Bar AB has the angular motions shown. Determine the 
velocity and acceleration of the slider block C at this instant. 


SOLUTION 
Rotation About A Fixed Axis. For link AB, refer to Fig. a. 


UB = WaplaB = 4(0.5) = 2.00 m/s ER 


ag = Ag X rag — WAB TAg 
= 6k x (0.5 cos 45°i + 0.5 sin 45°j) — 4°(0.5 cos 45°i + 0.5 sin 45°j) 
= {-5.5V2i — 2.5V2j} m/%? 


General Plane Motion. The IC of link BC can be located using vg and vç as shown 
in Fig. b. From the geometry of this figure, 


TB/IC 1 v2 
sin 30° ~ sin 45° tae = A 

roe 1 
sin 105° sin 45°” 


Then the kinematics gives, 


'C/IC = 1.3660 m 


v2 


Ug = WBC TB/IC; 2= wn =) BC = 2V2 rad/s) 


Vc = WBC BIIC; UC = (22) (1.3660) = 3.864 m/s = 3.86m/s — Ans. 
Applying the relative acceleration equation by referring to Fig. c, 

ac = ag t ægc X ¥cjzp — WRC 'C/B 

-aci = (—5.5V2i — 2.5V2j) + (—agck) x (1 cos 60° — 1 sin 60%) 


— (2V2)°(1 cos 60°% — 1 sin 60°) 


ME 


2 


dpe 11.7782 )i + (3.3927 — 0.5ago)j 


Equating j components, 
0 = 3.3927 — 0.5agc3 gc = 6.7853 rad/s? d 
Then, i component gives 


V3 


-aç = = (6.7853) — 11.7782; ac = 17.65 m/s? = 17.7 m/s? — Ans. 


Ans: 
Uc = 3.86 m/s <— 
ac = 17.7 m/s? <— 


736 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*16-104. 


At a given instant the bottom A of the ladder has an 
acceleration a, = 4 ft/s’ and velocity v4 = 6 ft/s, both 
acting to the left. Determine the acceleration of the top of 
the ladder, B, and the ladder’s angular acceleration at this 
same instant. 


SOLUTION 


w= s = 0.75 rad/s 


ag = a4 + (agjA)n + (agja) 


ag = 4 + (0.75} (16) + a(16) 
l = 30° 27 30° 


(=) 0=4 + (0.75}(16)cos30° — a(16)sin30° 


(+1)  ag= 0 + (0.75}(16)sin30° + a(16)cos30° 


a = 1.47 rad/s? 
ag = 24.9 ft/s? } 
Also: 
ag = a4 +a X tga — w Tga 
— apj = — 4i + (ak) X (16cos30°i + 16 sin30°j) — (0.75)°(16 cos30°i + 16 sin30°j) 
—4 — 8a — 7.794 
— ap = 13.856a — 4.5 
a = 1.47 rad/s” 


ag = 24.9 ft/s? | 


Ans: 

a = 1.47 rad/s? 
ap = 24.9 ft/s? | 
a = 147 rad/s” 
ag = 24.9 ft/s? | 
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16-105. 


At a given instant the top B of the ladder has an 
acceleration ag = 2 ft/s? and a velocity of vg = 4 ft/s, both 
acting downward. Determine the acceleration of the 
bottom A of the ladder, and the ladder’s angular 
acceleration at this instant. 


SOLUTION 


(= — ae 0.288675 rad/s 


a4 = ag + a X Trag — oT 4/B 


—ayi = — 2j + (ak) X (—16 cos30°i — 16 sin 30°j) — (0.288675)?(—16 cos30°i — 16 sin 30°j) 
— a, = 8a + 1.1547 

0 = —2 — 13.856 a + 0.6667 

a = —0.0962 rad/s? = 0.0962 rad/s” D 


a, = —0.385 ft/s? = 0.385 ft/s? > 


Ans: 
a = 0.0962 rad/s” D 
a, = 0.385 ft/s* > 
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16-106. 


Member AB has the angular motions shown. Determine the 
velocity and acceleration of the slider block C at this instant. 


ie rad/s 


7 T> 5 rad/s? 
A $ 
“Ae 


SOLUTION 


Rotation About A Fixed Axis. For member AB, refer to Fig. a. 


UB = WABlAB = 4(2) = 8 m/s < 


ag = @yg X tag — W4B TAB 
= (—5k) x (2j) — 4°(2j) = {10i — 32j} m/s? 


General Plane Motion. The IC for member BC can be located using vp and vç as 
shown in Fig. b. From the geometry of this figure 


3 
o= tan ($) = 36.87° 0 = 90° — ġ = 53.13° 


TB/IC 7T 2 
0.5 


0.5 
= cos 53.13; roc = 0.8333 m 


TC/IC 


= tan 53.13; rpyic = 2.6667 m 


The kinematics gives 
UB = @BCTB/IC} 8 = wpc(2.6667) 


gc = 3.00 rad/s 
Uc = @BCIC/IC = 3.00(0.8333) = 2.50 m/s a 
Applying the relative acceleration equation by referring to Fig. c, 


_ 2 
ac = ag + Age X rc; — pcr c/s 


ac( 2) acl 2) = (10i — 32j) + agck X (—0.5i — 2j) — (3.007) (—0.5i — 2j) 


3 
5 


aci — acj = (2agc + 14.5)i + (—0.5agc —14)j 


5 


Equating i and j components 


4 
“54 = 2aBC + 14.5 


3 
sac = —0.Sapc — 14 (2) 


Solving Eqs. (1) and (2), 
ac = 12.969 m/s? = 13.0 m/s? “ Ans. 
ago = —12.4375 rad/s? = 12.4 rad/s” D Ans. 


The negative sign indicates that agc is directed in the opposite sense from what is 
shown in Fig. (c). 


ac = 13.0m/s* / 
ago = 12.4rad/s* D 
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16-107. 


At a given instant the roller A on the bar has the velocity 
and acceleration shown. Determine the velocity and 
acceleration of the roller B, and the bar’s angular velocity 
and angular acceleration at this instant. 


SOLUTION 


General Plane Motion. The IC of the bar can be located using v4 and vg as shown 
in Fig. a. From the geometry of this figure, 
TA/IC = B/IC = 0.6m 


Thus, the kinematics give 
VA = OF asics 4 = (0.6) 
w = 6.667 rad/s = 6.67 rad/s Ý 
Uz = OrB/IC = 6.667(0.6) = 4.00 m/s N 


Applying the relative acceleration equation, by referring to Fig. b, 
ag = a4 t @ X Fi, — o’ TBjA 
apg cos 30°i — ag sin 30°) = —6j + (ak) X (0.6 sin 30°i — 0.6 cos 30°) 
— (6.6677) (0.6 sin 30°i — 0.6 cos 30°j) 


3 1 
er ~ zm} = (0.3V3a — 13.33)i + (0.3 + 17.09)j 


Equating i and j components, 


v3 


a= 0.3 V3a — 13.33 


1 
-54s = 0.3a + 17.09 


Solving Eqs. (1) and (2) 
a = —15.66 rad/s* = 15.7 rad/s’ D Ans. 
ag = —24.79 m/s? = 24.8 m/s? Ans. 


The negative signs indicate that a and a, are directed in the senses that opposite to 
those shown in Fig. b 


Ans: 

w = 6.67 rad/s 5 
vg = 4.00 m/s N 
a = 15.7 rad/s’) 
ag = 24.8 m/s*\ 


740 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*16-108. 


The rod is confined to move along the path due to the pins 
at its ends. At the instant shown, point A has the motion 
shown. Determine the velocity and acceleration of point B 
at this instant. 


SOLUTION 


Vg = Vat @ X Fp 


vgj = 6i + (~k) x (—4i — 3j) 
0 = 6- 3a, w = 2 rad/s 
vg = 4w = 4(2) = 8 ft/s T 

ag = a4 + aX rp — o° EBJA 


21.33i + (ag) j = —3i + ak x (—4i — 3j) — (—2) (—4i — 3j) 


(5) 21.33 = -3 + 3a +16; œ= 2.778 rad/s? 


(+1) (aB) = —(2.778)(4) + 12 = 0.8889 ft/s? 


ag = V (21.33)? + (0.8889) = 21.4 ft/s? 


T (o 
noi ( 0-8889 


= = 2.399 Z 


Ans: 

UB = 8 ft/s t 
ag = 21.4 ft/s? 
0 = 239° 4 
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16-109. 


Member AB has the angular motions shown. Determine the 
angular velocity and angular acceleration of members CB 
and DC. 


SOLUTION 
Rotation About A Fixed Axis. For crank AB, refer to Fig. a. 
vg = wagrag = 2(0.2) = 0.4m/s <— 
ag = Q4g X tag — OABTAB 
= (4k) x (0.2j) — 27(0.2)) 
= {—0.8i — 0.8j} m/s* 
For link CD, refer to Fig. b. 
Uc = wcpřcp = &cp(0.1) 
ac = acp X tcp — ¢DECD 
(-acpk) x (-0.1j) - w%p(-0.1)) 
= -O.lacpi + 0.102 pj 


General Plane Motion. The IC of link CD can be located using vg and vc of which 
in this case is at infinity as indicated in Fig. c. Thus, rge = rcjc = %. Thus, 
kinematics gives 


Ans. 
TB/IC 


Uc = UB; @cp(0.1) = 0.4 wcp 7 4.00 rad/s 2 


Applying the relative acceleration equation by referring to Fig. d, 


_ 2 
ac = ag + gc X cjg T “BCI CB 


—0.læcpi + 0.1(4.00")j = (—0.8i — 0.8j) + (agck) X (—0.45 sin 60°i — 0.45 cos 60°j) — 0 


—O0.lacpi + 1.6j = (0.225ag¢ — 0.8)i + (—0.8 — 0.3897agc)j 
Equating j components, 
1.6 = —0.8 — 0.3897a gc; ago = —6.1584 rad/s” = 6.16 rad/s” D Ans. 


Then i components give 


—0.lacp = 0.225(—6.1584) — 0.8; acp = 21.86 rad/s* = 21.9 rad/s? D) Ans. 


Ans: 
WBC 7 0 
wcp = 4.00 rad/s Ð 
= 6.16 rad/s? D 
21.9 rad/s? D 
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16-110. 


The slider block has the motion shown. Determine the 
angular velocity and angular acceleration of the wheel at 
this instant. 


SOLUTION 
Rotation About A Fixed Axis. For wheel C, refer to Fig. a. 
va = wcrc = wc (0.15) | 
a4 = ac X rc- otic 
a, = (ack) x (—0.15i) — w% (—0.15i) 
= 0.15 œi — 0.15acj 


General Plane Motion. The IC for crank AB can be located using v4 and vg as 
shown in Fig. b. Here 


rajic = 0.3m rec = 0.4m 
Then the kinematics gives 
vg = was TBc 4 = @4R(0.4) wag = 10.0 rad/s 5 
va = aplastic; @c (0.15) = 10.0(0.3) wc = 20.0 rad/s 5 Ans. 


Applying the relative acceleration equation by referring to Fig. c, 


= 2 
ag = ay + Myp X B/A T WABI B/A 


2i = 0.15(20.07)i — 0.15acj + (aagk) x (0.31 — 0.4j) 


—10.0°(0.3i — 0.4j) 
2i = (0.4a4z + 30)i + (0.3043 — 0.15œc + 40)j 
Equating i and j components, 
2 = 0.4043 + 30; œas = —70.0 rad/s? = 70.0 rad/s” d 
0 = 0.3(—70.0) + 0.15a¢ + 40; ac = —126.67 rad/s? = 127 rad/s d) Ans. 


The negative signs indicate that œc and @,g are directed in the sense that those 


shown in Fig. a and c. 
Up AN í, 
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ac = 127 rad/s 2 
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16-111. 


At a given instant the slider block A is moving to the right 
with the motion shown. Determine the angular acceleration 
of link AB and the acceleration of point B at this instant. 


SOLUTION 


General Plane Motion. The IC of the link can be located using v4 and vz, which in 
this case is at infinity as shown in Fig. a. Thus 


Yajic = 'ajic = © 
Then the kinematics gives 
va = rac; 4=0(%) w=0 
vg = va = 4m/s 
Since B moves along a circular path, its acceleration will have tangential and normal 
components. Hence (ag), = = 8m/s* 
Applying the relative acceleration equation by referring to Fig. b, 
ag = ag + & XTB — o EBJA 
(ag) — 8j = 6i + (ak) x (—2 cos 30°i — 2 sin 30°j) — 0 
(ap)i — 8j = (a + 6i — V3aj 


Equating i and j componenets, 


8v3 
-8 = -V3a:; a= V3 sad? z 4.62 rad/s? 5 


8V3 


(ap), =a + 6; (ap), = —.~ + 6 = 10.62 m/s? 


Thus, the magnitude of az is 


ag = V(ag)? + (ap)2 = V1062 + 8 = 13.30 m/s? = 13.3 m/s? 


And its direction is defined by 
ah] — 


(ag); 


= 36.99° = 37.0° 
(ea) É > 


0 = tan 
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Ans: 

aag = 4.62 rad/s? 5 
ag = 13.3 m/s” 

0 = 37.0° SG 
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*16-112. 


Determine the angular acceleration of link CD if link AB 
has the angular velocity and angular acceleration shown. 


SOLUTION a4, = 6 rad/s? 


4p = 3 rad/s 


Rotation About A Fixed Axis. For link AB, refer to Fig. a. 


UB = WaplaB 7 3(1) = 3.00 m/s | 


_ 2 
ag = Asp X Tag T OAB Va 


(—6k) x (1i) — 3 (1i) 


= {—9i — 6j}m/s 
For link CD, refer to Fig. b 
Vc = wcpřpc = &cp(0.5) > 
ac = &cp X Epc — cp tpc 
= (acpk) X (—0.5j) - wcp (—0.5)) 
= 0.5acpi + 0.5w¢cpj 


General Plane Motion. The IC of link BC can be located using v4 and vg as shown 
in Fig. c. Thus 


rBJIC = 0.5 m řcjic = 1m 
Then, the kinematics gives 
UB = WBC lB/IC3 3= @pc(0.5) wpgc 7 6.00 rad/s 2 
Uc = WBC C/IC> @cp(0.5) = 6.00(1) wcp 7 12.0 rad/s 5 


Applying the relative acceleration equation by referring to Fig. d, 


ac = ag + Age X Tog T pc c/s 
0.5acpi + 0.5(12.07)j = (—9i — 6j) + (—agck) x (-0.5i + j) 
—6.007(—0.5i + j) 


0.5acpi 72j = (age t 9)i t (0.5aBc = 42)j 


745 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*16-112. Continued 


Equating j components, 
72 = (0.5agc — 42); age = 228 rad/s” D 


Then i component gives 


0.5acp = 228 + 9; acp = 474 rad/s” $ 


Cog? 


font 
fie 


Ans: 
acp = 474 rad/s? 5 
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16-113. 


The reel of rope has the angular motion shown. Determine 
the velocity and acceleration of point A at the instant shown. 


a = 8 rad/s? 
w = 3 rad/s 
B 
SOLUTION 
General Plane Motion. The IC of the reel is located as shown in Fig. a. Here, 
rac = VOP + 0.2 = 0.1414 m 
Then, the Kinematics give 
va = oF asic = 3(0.1414) = 0.4243 m/s = 0.424 m/s S45 Ans. 


Here ac = ar = 8(0.1) = 0.8 m/s” |. Applying the relative acceleration equation 
by referring to Fig. b, 


a4 = ac + @ X rac a rac 
a, = —0.8j + (8k) x (—0.1j) — 37(—0.1j) 
= {0.81 + 0.1j} m/s 
The magnitude of a, is 
a, = V0.8 + 0.2 = 0.8062 m/s? = 0.806 m/s? 


And its direction is defined by 


0.1 
0 = tan (25) = 7.125° = 7.13° 2 


Ans: 

va = 0.424 m/s 
0, = 45°NG 

aa = 0.806 m/s” 
0, = 7.13° Z 
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16-114. 


The reel of rope has the angular motion shown. Determine 
the velocity and acceleration of point B at the instant shown. 


a = 8 rad/s? 
w = 3 rad/s 
, 
SOLUTION 


General Plane Motion. The IC of the reel is located as shown in Fig. a. Here, 
rg/rc = 0.2 m. Then the kinematics gives 


vg = rpc = (3)(0.2) = 0.6 m/s | Ans. 
Here, ac = ar = 8(0.1) = 0.8 m/s? |. Applying the relative acceleration equation, 
ap=actaxXx ¥gic — a ¥B/C 
ag = —0.8j + (8k) x (—0.1i) — 3°(-0.1i) 
{0.91 — 1.6j} m/s” 
The magnitude of ag is 
ag = V0.% + (—1.6)2 = 1.8358 m/s? = 1.84 m/s? 


And its direction is defined by 


1.6 
0 tan ( 3 5) = 60.64° = 60.6" 5 


Ans: 

vg = 0.6 m/s | 
ag = 1.84 m/s? 
6 = 60.6 3% 
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16-115. 


A cord is wrapped around the inner spool of the gear. If it is 
pulled with a constant velocity v, determine the velocities 
and accelerations of points A and B. The gear rolls on the 
fixed gear rack. 


SOLUTION 


Velocity analysis: 


UB Or B/IC “(4r) 4v > 


VA = @TA/IC _ “(Vere F 2r’) = 2V 20 245° 


Acceleration equation: From Example 16-3, Since ag = 0, a = 0 


TB/G = 2rj t A/G = -2ri 


ag 7 ag +ax IB/G = wT B/G 


ac tax Tac a oh AG 


v\? : 2., 
0 e) 2ri) Pi 
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*16-116. 


The disk has an angular acceleration a = 8 rad/s? and w = 3 rad/s 
angular velocity œ = 3 rad/s at the instant shown. If it does a = 8 rad/s? 


not slip at A, determine the acceleration of point B. 
<_<. 


SOLUTION 


General Plane Motion. Since the disk rolls without slipping, ao = ar = 8(0.5) 
= 4m/s* —. Applying the relative acceleration equation by referring to Fig. a, 


agp=agtax 'gjo 7 o TBO 
ag = (—4i) + (8k) x (0.5 sin 45° — 0.5 cos 45°j) 
— 3°(0.5 sin 45° — 0.5 cos 45°j) 
ag = {—4.354i + 6.010j} m/s? 
Thus, the magnitude of ag is 


ag = V(—4.354) + 6.0102 = 7.4215 m/s? = 7.42 m/s? 
B ( 


And its direction is given by 


6.010 
6 an ( ) = 54.08° = 54.1° ~ 


4.354 


Ans: 
ag = 7.42 m/s” 
0 = 54.1° SX 
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16-117. 


The disk has an angular acceleration a = 8 rad/s? and w = 3 rad/s 
angular velocity œ = 3 rad/s at the instant shown. If it does a = 8 rad/s? 


not slip at A, determine the acceleration of point C. 
<_<. 


SOLUTION 


General Plane Motion. Since the disk rolls without slipping, ag = ar = 8(0.5) 
= 4m/s* <. Applying the relative acceleration equation by referring to Fig. a, 


ac = ag + @ X Icjo 7 a rco 
ac = (—4i) + (8k) x (0.5 sin 45°i + 0.5 cos 45°j) 
— 3?(0.5 sin 45°% + 0.5 cos 45°j) 
ac = {-10.0104i — 0.3536j} m/s” 
Thus, the magnitude of ac is 


ac = V (10.0104)? + (—0.3536)* = 10.017 m/s? = 10.0 m/s? Ans. 


And its direction is defined by 


0.3536 
0 = tan \ = 2.023° = 2.02° 27 


10.0104 
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16-118. 


A single pulley having both an inner and outer rim is pin- 
connected to the block at A. As cord CF unwinds from the 
inner rim of the pulley with the motion shown, cord DE 
unwinds from the outer rim. Determine the angular 
acceleration of the pulley and the acceleration of the block 
at the instant shown. 


SOLUTION 


Velocity Analysis: The angular velocity of the pulley can be obtained by using 
the method of instantaneous center of zero velocity. Since the pulley rotates 
without slipping about point D, i.e: vp = 0, then point D is the location of the 
instantaneous center. 


UF = @Fc/IC 
2 = w(0.075) 


w = 26.67 rad/s 


Acceleration Equation: The angular acceleration of the gear can be obtained by 
analyzing the angular motion points C and D. Applying Eq. 16-18 with 
rcp = {—0.075j} m, we have 


ac = ap + a X Fcjp — @ ¥c/p 


i + 17.78j = —35.56j + (~ak) x (—0.075j) — 26.677 (—0.075j) 
—3i + 17.78j = —0.075 ai + 17.78j 
Equating i and j components, we have 
—3 = -0.075a a = 40.0 rad/s” 


17.78 = 17.78 (Check!) 


The acceleration of point A can be obtained by analyzing the angular motion points 
A and D. Applying Eq. 16-18 with r4;p = {—0.05j} m. we have 


a,=aptrax T4/p — arap 


—35.56j + (—40.0k) x (—0.05j) — 26.677(—0.05j) 


{—2.00i} m/s? 


aa = 2.00 m/s? <— 
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CAN Ce j 
=35. a 
OE. Wa 26.67 rod, 
Oo 

Bp \ 


(4.),=3 m St 


Pc) 226-6710 01g 
=(/- 78 m/s* 


GN *L6-67 toos i) 
=35, 5b m/s 2 


A 


=26-6] rad/s 
X= 40.0 tad ]s> 


Ans: 
a = 40.0 rad/s” 
a, = 2.00m/s* — 
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16-119. 


The wheel rolls without slipping such that at the instant 
shown it has an angular velocity w and angular acceleration 
a. Determine the velocity and acceleration of point B on 
the rod at this instant. 


SOLUTION 
Ug = VA + UB/A(Pin) 


Ev= alow) + 2a0'(5) 


+Î 0 = -z(o V21) + 2aui( 3) 


= do + 4,40 (Pin) 


+ (aa), = aa + a(a) 4 wa 


l - ļ > 


= A4 + ABJA (Pin) 


1 
wat 2a(a’)( 5) 2a 


2 
O = —aa +4 2aa'( ) 
V3 


a’ = 0.577a — 0.1925% 


ag = 1.58aa — 1.7707 
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Ans: 
Uz = 1.58wa 
ag = 1.58aa — 1.77%°a 
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*16-120. 


The collar is moving downward with the motion shown. 
Determine the angular velocity and angular acceleration 
of the gear at the instant shown as it rolls along the fixed 
gear rack. 


SOLUTION 


General Plane Motion. For gear C, the location of its IC is indicate in Fig. a. Thus 


vg = &cTB/IC, = @c(0.05) | (1) 


The JC of link AB can be located using v4 and vg, which in this case is at infinity. 
Thus 


VA 
FA/(IC), 


Oy = V4 = 2m/st 
Substitute the result of vg into Eq. (1) 
2 = wc (0.05) 
wc = 40.0 rad/s 5 Ans. 


Applying the relative acceleration equation to gear C, Fig. c, with 
ao = acrc = ac (0.2)}, 


ag = ao + ac X fBjo — CK B/O 
ag = —ac(0.2)j + (ack) X (0.15i) — 40.0°(0.15i) 
= —240i — 0.05acj 
For link AB, Fig. d, 
ag = a4 + Gap X YBjA — WB pa 
—240i — 0.05acj = (—3j) + (a4gk) X (0.5 sin 60° — 0.5 cos 60°j) — 0 
-240i — 0.05ac = 0.25a4pi + (0.25V3a4g — 3)j 
Equating i and j components 


—240 = 0.25a4p; Aap = —960 rad/s? = 960 rad/s? D 


—0.05æc = (0.25V3)(—960) — 3; ac = 8373.84 rad/s? = 8374 rad/s?) Ans. 


Ans: 
wc = 40.0 rad/s 5 
ac = 8374 rad/s’ $ 
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16-121. 


The tied crank and gear mechanism gives rocking motion to 
crank AC, necessary for the operation of a printing press. If 
link DE has the angular motion shown, determine the 
respective angular velocities of gear F and crank AC at this 
instant, and the angular acceleration of crank AC. 


SOLUTION 


Velocity analysis: 
Up = @pEl D/E = 4(0.1) = 0.4 m/s T 
Vg = Yp + VB/D 


ug = 0.4 + (@)(0.075) 
230 ft J 


(4) vg cos 30° = 0, 


(+1) wg = 5.33 rad/s 
Since vg = 0, uc = 0, wac = 0 


wrp = OGG 
{agyp); 


100 0.075 m = B/D 


5.33 acr 
50 


) = 10.7 rad/s 


‘Gans 
Acceleration analysis: 
(ap), = (4)°(0.1) = 1.6 m/s? > 


(ap), = (20)(0.1) = 2 m/s? Î 


(az), + (ag) = (ap)n + (ap); + (@B/D)n + (ag/p) 


0+ (ag), = 1.6 + 2 + (5.33)7(0.075) + ag (0.075) 
230° = T = t 


(+1) (ag), sin 30° = 0 + 2 + 0 + ag(0.075) 


(4) (ag), cos 30° = 1.6 + 0 + (5.33)°(0.075) + 0 


Solving, 


(ag); = 4.31 m/s*, ag = 2.052 rad/s” D 


= 28.7 rad/s? D 


Ans: 

wig = 0 

wr = 10.7 rad/s 2D 
aac = 28.7 rad/s? D 
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16-122. 


If member AB has the angular motion shown, determine 
the angular velocity and angular acceleration of member 
CD at the instant shown. 


SOLUTION 
Rotation About A Fixed Axis. For link AB, refer to Fig. a. 


UB = WaplaB ~ 3(0.3) = 0.9 m/s l 


ag = Qyp X Yag — WABtAg 
= (—8k) x (0.3i) — 3(0.3i) 
= {-2.70i — 2.40j} m/s” 
For link CD, refer to Fig. b. 
vc = WcDI'cD = &cp(0.2) <— 
2 
ac = @cp X fcp T “cpcp 
ac = (acpk) X (0.2j) — wcn(0.2j) 


= -0.2acpi — 0.2wżpj 
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16-122. Continued 


General Plane Motion. The IC of link BC can be located using vg and vc as shown 
in Fig. c. From the geometry of this figure, 


rac = 0.5 cos 60° = 0.25m rcjic = 0.5 sin 60° = 0.25V3.m 


Then kinematics gives 
UB = @BcrByIC; 0.9 = wpc(0.25) wgc = 3.60 rad/s 2 
ve = wgcřcjii  wcp(0.2) = (3.60) (0.25V3) 
wcp = 7.7942 rad/s = 7.79 rad/s 5 
Applying the relative acceleration equation by referring to Fig. d, 
ac = ag + ægc X Icjp T BCI C/B 


—0.2acpi — 0.2(7.79427)j = (—2.70i — 2.40j) + (—agck) x (—0.5 cos 60°i — 0.5 sin 60°j) 


— 3.607(—0.5 cos 60°i — 0.5 sin 60°j) 
—0.2acpi — 12.15j = (0.54 — 0.25V3agc)i + (3.2118 + 0.25ægc)j 
Equating the j components, 
—12.15 = 3.2118 + 0.25ag¢3 9 ago = —61.45 rad/s? = 61.45 rad/s” $ 
Then the i component gives 


—0.2æcp = 0.54 — 0.25V3(—61.4474); acp = —135.74 rad/s? = 136 rad/s? D Ans. 


Ans: 
wcp = 7.79 rad/s 5 
acp = 136 rad/s” d 
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16-123. 


If member AB has the angular motion shown, determine 
the velocity and acceleration of point C at the instant 
shown. 


SOLUTION 
Rotation About A Fixed Axis. For link AB, refer to Fig. a. 


UB = WaplaB — 3(0.3) = 0.9 m/s J 


æg X TAg — WABTAB 
(—8k) x (0.3i) — 37(0.3i) 
{ -2.70i — 2.40j} m/s? 


>= wcplcp = &cp(0.2) < 
: = acp X cp — © CpcpD 
> = (acpk) X (0.25) — wep (0.2j) 


= -0.2acpi — 0.2w¢pj 
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16-123. Continued 


General Plane Motion. The IC of link BC can be located using vg and vc as shown 
in Fig. c. From the geometry of this figure, 


rac = 0.5 cos 60° = 0.25m rore = 0.5 sin 60° = 0.25V3 m 
Then kinematics gives 
Vg = WBCFBJIC; 0.9 = wgc(0.25) wgc = 3.60 rad/s) 
ve = wgcřcjii  wcp(0.2) = (3.60) (0.25V3) 
wcp = 7.7942 rad/s = 7.79 rad/s5 
Applying the relative acceleration equation by referring to Fig. d, 
ac = ag + ægc X cp T WBCKC/B 


—0.2acpi — 0.2(7.79427)j = (—2.70i — 2.40j) + (—agck) x (—0.5 cos 60°i — 0.5 sin 60°) 


— 3.607(—0.5 cos 60°i — 0.5 sin 60°j) 
—0.2acpi — 12.15j = (0.54 — 0.25V3agc)i + (3.2118 + 0.25ag0)j 


Equating the j components, 


12.15 = 3.2118 + 0.25ag¢; agc = —61.45 rad/s’ = 61.45 rad/s 9 
Then the i component gives 
—0.2acp = 0.54 — 0.25V3(—61.4474); acp = —135.74 rad/s? = 136 rad/s? Ans. 
From the angular motion of CD, 
Vc = Wep(0.2) = (7.7942)(0.2) = 1.559 m/s = 1.56 m/s <— 
ac = —0.2(-135.74)i — 12.157 
= {27.15i — 12.157} m/s 


The magnitude of aç is 


ac = V2718 + (—12.15)? = 29.74 m/s? = 29.7 m/s? 


And its direction is defined by 


12.15 
= wh 5) = 2411" = 2413 
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vc = 1.56 m/s — 
ac = 29.7 m/s” 
0 = 241°% 
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*16-124. 


The disk rolls without slipping such that it has an angular 
acceleration of a = 4rad/s* and angular velocity of 
w = 2rad/s at the instant shown. Determine the 
acceleration of points A and B on the link and the link’s 
angular acceleration at this instant. Assume point A lies on 
the periphery of the disk, 150 mm from C. 


SOLUTION 

The JC is at %, so w = 0. 

ay = act aX rac — WTC 

a, = 0.61 + (—4k) x (0.15j) — (2)?(0.15j) 
a4 = (1.201 — 0.6j) m/s? 


aa = V (1.20)? + (—0.6)? = 1.34 m/s? 


6= a (2£) = 26.66 S 


1.20 
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a = 4 rad/s 


w= idl/ 
2 


An = H(gusyc o ar Je 


Ans: 
aa = 1.34m/s* 
0 = 26.6 S 
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16-125. 


The ends of the bar AB are confined to move along the 
paths shown. At a given instant, A has a velocity of 
va = 4 ft/s and an acceleration of a4 = 7 ft/s’. Determine 
the angular velocity and angular acceleration of AB at this 
instant. 


SOLUTION 2 ft 


Vg = Va + Vp/a sits 
va = 4 ft/s 


Vp = 4+ w(4.788) a, = 7 ft/s 
30° SS l N siz 


(5) — —vpg cos 30° = 0 — w(4.788) sin 51.21° 
(+1)  vgsin30 = —4 + œ(4.788) cos 51.21° 
vg = 20.39 ft/s 30 

w = 4.73 rad/s Ù 

ag =a, t ag, 


ap + 207.9 = 7 + 107.2 + 4.788(a) 
30 60° 7 t & state Ñ state 


(+) a, cos 30° + 207.9cos 60° = 0 + 107.2 cos 51.21° + 4.788a(sin 51.21°) 
(+1) asin 30° — 207.9 sin 60° = — 7 — 107.2 sin 51.21° + 4.788a(cos 51.21°) 
a,(0.866) — 3.732a@ = —36.78 

a,(0.5) — 3a = 89.49 

a, = —607 ft/s? 

a = —131 rad/s? = 131 rad/s?) 

Also: 

Vg = V4 = o X Fp 

—vp cos 30°i + vg sin 30°j = —4j + (wk) X (3i + 3.732j) 

— vp cos 30° = —a(3.732) 

vg sin30° = —4 + a(3) 

w = 4.73 rad/s 5 


Vp = 20.39 ft/s 


ap= ay, wT B/A +a x IB/A 


(—a, cos30°% + a,sin30°j) + (—207.9 cos 60°i — 207.9 sin 60°j) = —7j — (4.732)2(3i + 3.732j) 


+(ak) x (3i + 3.732j) 
—a,cos 30° — 207.9 cos 60° = —(4.732)°(3) — a(3.732) 


a,sin30° — 207.9 sin 60° = —7 —(4.732)2(3.732) + a(3) 


Ans: 
w = 4.73 rad/s 5 
a = —131 rad/s? = 131 rad/s’) a = 131 rad/s’ D 


a, = —607 ft/s? 
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16-126. 


The mechanism produces intermittent motion of link AB. If 
the sprocket S$ is turning with an angular acceleration 
ag = 2 rad/s’ and has an angular velocity ws = 6 rad/s at 
the instant shown, determine the angular velocity and 
angular acceleration of link AB at this instant. The sprocket 
S is mounted on a shaft which is separate from a collinear 
shaft attached to AB at A. The pin at C is attached to one of 
the chain links such that it moves vertically downward. 


SOLUTION 


1.05 


WBC 7 02121 = 4,950 rad/s 


vp = (4.95)(0.2898) = 1.434 m/s 


1.435 


w 7.1722 rad/s = 7.17 rad/s ) 


WAB — 


ac = agrs = 2(0.175) = 0.350 m/s? 


(ag)n + (ag); = ac + (ag;c)n + (ag/c) 


0, 2/2} 
L (0,175) 6-108 my 


Gs) 


(7.172)°(0.2) (ap), |= [0330] + (4.949)? (0.15) | + | ægc (0.15) pee 
30° 37 Lo N3% l A 154 


L 15° L 


( 5 ) —(10.29) cos 30° — (ag), sin 30° = 0 — (4.949)7(0.15) sin 15° — agc(0.15) cos 15° 
(+1)  -(0.29) sin 30° + (ag),cos 30° = —0.350 — (4.949)?(0.15) cos 15° + agc(0.15) sin 15° 


agc = 70.8 rad/s’, (ap), = 4.61 m/s? 
rad/s? 


vc = wsrs = 6(0.175) = 1.05 m/s | 
Vg = Yc + wgc XV BIC 


vgsin 30° — vgcos 30°j = —1.05j + (—wgck) X (0.15 sin 15°i + 0.15 cos 15°F) 
(+) vpsin 30° = 0 + wac(0.15) cos 15° 


(+1) — -vgcos 30° = -1.05 — wgc(0.15) sin 15° 
vg = 1.434 m/s, @gc = 4.950 rad/s 


VB 1.434 
AR hens ae 7.172 = 7.17 rad/s? 
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16-126. Continued 


ag = ac t age X Fac T wr B/C 
(aapk) X (0.2 cos 30° + 0.2 sin 30°j) — (7.172)2(0.2 cos 30° + 0.2 sin 30°j) 


= —(2)(0.175)j + (agck) X (0.15 sin 15°i + 0.15 cos15°j) — (4.950)? (0.15 sin 15°i + 0.15 cos 159 
J J J 


( 5 ) -a 4g (0.1)— 8.9108 = —0.1449@ gc — 0.9512 


(+1)  œ4g(0.1732) — 5.143 = —0.350 + 0.0388ag¢ — 3.550 
aap = 23.1 rad/s?9 


apc = 70.8 rad/s? 


Ans: 
wag = 7.17 rad/s J 
aag = 23.1 rad/s? $ 
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16-127. 


The slider block moves with a velocity of vg = 5 ft/s and an 
acceleration of ag = 3 ft/s’. Determine the angular 
acceleration of rod AB at the instant shown. 


vg = 5 ft/s 
ap = 3 ft/s? 


SOLUTION 


Angular Velocity: The velocity of point A is directed along the tangent of the 
circular slot. Thus, the location of the JC for rod AB is indicated in Fig. a. From the 
geometry of this figure, 


ajc = 2 sin 30° = 1 ft rajic = 2.cos 30° = 1.732 ft 


Thus, 


VA = WAB F A/IC = 5(1.732) = 8.660 ft/s 


Acceleration and Angular Acceleration: Since point A travels along the circular 


slot, the normal component of its acceleration has a magnitude of 


va? _ 8.660? 
(a4), =—— = is 50 ft/s? and is directed towards the center of the circular 
P $ 


slot. The tangential component is directed along the tangent of the slot. Applying 


the relative acceleration equation and referring to Fig. b, 


= 2 
a4 = ag t+ ay4p X YA/B T Map Vas 


50i — (a4), j = 3i + (aag K) X (—2 cos 30°% + 2 sin 30°j) — 5°(—2 cos 30° i + 2 sin 30°j) 


50i (a4), j ae (46.30 aap)i t (1.732a 4B T 25)j 
Equating the i components, 
50 = 46.30 — QAB 


aag = —3.70 rad/s? = 3.70 rad/s? D 


Ans: 
aag = 3.70 rad/s” D 
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*16-128. 


The slider block moves with a velocity of vg = 5 ft/s and an 
acceleration of ag = 3 ft/s’. Determine the acceleration of 
A at the instant shown. 


vgp=5 ft/s, 
ag = 3 ft/s? 


SOLUTION 


Angualr Velocity: The velocity of point A is directed along the tangent of the 
circular slot. Thus, the location of the JC for rod AB is indicated in Fig. a. From the 
geometry of this figure, 


rgjic = 2 sin 30° = 1 ft rajic = 2 cos 30° = 1.732 ft 


Thus, 


va = wag Tajice = 51.732) = 8.660 ft/s 


Acceleration and Angular Acceleration: Since point A travels along the circular 


slot, the normal component of its acceleration has a magnitude of 
2 

(a ) = VA _ 8. 6602 

Ajn 1. “15_ 

slot. The tangential component is directed along the tangent of the slot. Applying 


= 50 ft/s? and is directed towards the center of the circular 


the relative acceleration equation and referring to Fig. b, 


_ 2 
a4 = ag t+ &ag X A/B T WAB‘ YAB 


50i — (a4), j = 3i + (aag k) x (—2cos 30°i + 2 sin 30°j)—5?(—2 cos 30°i + 2 sin 30°j) 


50i — (a4)j = (46.30 — agg)i — (1.732a4g + 25)j 
Equating the i and j components, 
50 — 46.30-—ay4pR 


—(a,), = —(1.732a4p + 25) 


aag = —3.70 rad/s? 
(aa): = 18.59 ft/s? | 
Thus, the magnitude of a, is 


(aa): (a4)n = V18.597 + 50° = 53.3 ft/s? 


and its direction is 
Ans: 


18.5 = 53. Z 
0 = tan! ( ) = tan-"( 2) 20.4° “G $ a4 = 53.3 ft/s 
50 6 = 20.89 
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16-129. 


At the instant shown, ball B is rolling along the slot in the z 

disk with a velocity of 600 mm/s and an acceleration of w = 6 rad/s 
150 mm/ s2, both measured relative to the disk and directed a = 3 rad/s? 
away from O. If at the same instant the disk has the angular 

velocity and angular acceleration shown, determine the 

velocity and acceleration of the ball at this instant. 


SOLUTION 


Kinematic Equations: 


vB = vo + Q X rgjo + (VB/0)xyz (60) 


+ Q X rgo + Q X (Q X rgo) + 20. X (Vsjo)xyz + (aBjo)xyz (2) 
=0 
=0 
= {6k} rad/s 

O = {3k} rad/s? 
rg;o = {0.4i} m 
(UB/o) xyz = {0.61} m/s 
(ag/o)xyz = {0.15i} m/s? 


Substitute the date into Eqs. (1) and (2) yields: 


vg = 0 + (6k) X (0.41) + (0.61) = {0.61 + 2.45} m/s Ans. 
ag = 0 + (3k) X (0.4%) + (6k) x [(6k) X (0.4i)] + 2(6k) x (0.6%) + (0.15i) 


= {-14.2i + 8.40j} m/s? Ans. 


Ans: 
vg = {0.61 + 2.4j} m/s 
ag = {—14.2i + 8.40j} m/s? 
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16-130. 


The crane’s telescopic boom rotates with the angular 
velocity and angular acceleration shown. At the same 
instant, the boom is extending with a constant speed of 
0.5 ft/s, measured relative to the boom. Determine the 
magnitudes of the velocity and acceleration of point B at 
this instant. 


wap = 0.02 rad/s> 
a,jp = 0.01 rad/s 


SOLUTION 


Reference Frames: The xyz rotating reference frame is attached to boom AB and 


coincides with the XY fixed reference frame at the instant considered, Fig. a. Thus, the 
motion of the xy frame with respect to the XY frame is 


Vv, =a,=0 wag = [—0.02k] rad/s wag = a = [—-0.01k] rad/s” 
For the motion of point B with respect to the xyz frame, we have 
TB/A = [60j] ft (Veet) xyz = [0.5j] ft/s (arei)xyz =0 


Velocity: Applying the relative velocity equation, 


Wg=0. 02 Md}; 
Xap =0. os rad/s i 


Vg = V4 +t wag X Eja + (Yre)xyz 

= 0 + (—0.02k) x (60j) + 0.5j 

= [1.2i + 0.5j] ft/s 
Thus, the magnitude of v}, Fig. b, is 

vg = V1.2? + 0.5? = 1.30 ft/s 
Acceleration: Applying the relative acceleration equation, 
ag = a4 + Wag X rgja + wag X (wag X EBJA) + 2wag X (Vrei)xyz + (Aret)xyz 
0 + (—0.01k) x (60j) + (—0.02k) x [(—0.02k) x (60j)] + 2(—0.02k) x (0.5j) + 0 
= [0.62i — 0.024 j] ft/s? 


Thus, the magnitude of ag, Fig. c, is 


ag = V 0.62? + (—0.024)? = 0.6204 ft/s? 


Ans: 
vg = 1.30 ft/s 
ag = 0.6204 ft/s? 
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16-131. 


While the swing bridge is closing with a constant rotation of 
0.5 rad/s, a man runs along the roadway at a constant speed 
of 5 ft/s relative to the roadway. Determine his velocity and 
acceleration at the instant d = 15 ft. 


SOLUTION 
Q = {0.5k} rad/s 


O=0 
Imjo = {715 j} f 
(Um/o)xyz = {Sj} ft/s 
(Gmjo)xyz = 0 
=v, + Q X Emo + (Vinjo)xyz 

0 + (0.5k) x (—15j) — 5j 

{7.5i — 5j} ft/s 

ao + Q X rmo + Q X (Q X rmo) +20 X (Ymo)xyz + (Amjo) xyz 


0 + 0 + (0.5k) X [(0.5k)  (—15j)] + 2(0.5k) x (—5j) + 0 


= {5i + 3.75j} ft/s? 


= {7.5i — 5j} ft/s 
= {5i + 3.75j} ft/s? 
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*16-132. 


While the swing bridge is closing with a constant rotation of 
0.5 rad/s, a man runs along the roadway such that when 
d = 10 ft he is running outward from the center at 5 ft/s 
with an acceleration of 2 ft/s’, both measured relative to the 
roadway. Determine his velocity and acceleration at this 
instant. 


SOLUTION 

Q = {0.5k} rad/s 

QO =0 

Emo = {10 j} ft 

(Umjo)xyz = {Sj} ft/s 

(amjo)xyz = {2j} ft/s? 
Vo + Q X Emjo + (Vinjo)xyz 
0 + (0.5k) x (—10j) — 5j 


= {5i — 5j} ft/s 


= ao + Q x I'm/o +0 xX (Q x rmo) + 20 x (Vin/o) xyz + (An/o)xyz 


0 + 0 + (0.5k) X [(0.5k) x (—10j)] + 2(0.5k) x (—Sj) — 2j 


= {5i + 0.5j} ft/s? 


Ans: 
Vm = {5i — Sj} ft/s 
an = {5i + 0.5j} ft/s? 
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16-133. 


Water leaves the impeller of the centrifugal pump with a 
velocity of 25m/s and acceleration of 30m/s’, both 
measured relative to the impeller along the blade line AB. 
Determine the velocity and acceleration of a water particle 
at A as it leaves the impeller at the instant shown. The 
impeller rotates with a constant angular velocity of 
w = 15 rad/s. 


SOLUTION 


Reference Frame: The xyz rotating reference frame is attached to the impeller and 
coincides with the XYZ fixed reference frame at the instant considered, Fig. a. Thus, 
the motion of the xyz frame with respect to the XYZ frame is 


Yo =a = 0 w = [—15k] rad/s o=0 
The motion of point A with respect to the xyz frame is 
Tajo = [0.3j] m 


(Yrei)xyz = (—25cos 30°i + 25 sin 30°j) = [—21.65i + 12.5j] m/s 


(Aci)xyz = (—30cos 30°i + 30 sin 30°j) = [-25.98i + 15j] m/s? 
Velocity: Applying the relative velocity equation. 
Va = Vo + w X Pao + (Vrei)xyz 
= 0 + (—15k) x (0.3j) + (—21.65i + 12.5j) 
= [-17.2i + 12.5j] m/s 
Acceleration: Applying the relative acceleration equation, 


a, = ao tox rao to X (w X Tajo) + 2w X (Vrei) xyz + (arei) xyz 


\ 


w = 15 rad/s 


Chae s=25ms W4 
(ud ey =30m]s” 


“pe w= /5 rad/s 


K=O 


= 0 + (—15k) x [(—15k) x (0.3j)] + 2(-15k) x (—21.65i + 12.5j) + (—25.98i + 159) 


= [349i + 597i] m/s? Ans. 
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Ans: 
va = {-17.2i + 12.5j} m/s 
a4 = {349i + 597j} m/s 
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16-134. 


Block A, which is attached to a cord, moves along the slot of 
a horizontal forked rod. At the instant shown, the cord is 
pulled down through the hole at O with an acceleration of 
4 m/s’ and its velocity is 2 m/s. Determine the acceleration 
of the block at this instant. The rod rotates about O with a 
constant angular velocity œ = 4 rad/s. 


SOLUTION 


Motion of moving reference. 
Yo = 0 
ao = 0 
Q = 4k 


Q=0 

Motion of A with respect to moving reference. 
rao = 0.li 

Vajo = 72i 

ayio = —4i 


Thus, 


a4 = ao + Ô X rag + Q X (Q X rao) + 20 X (Vajo)ayz + (@ajo)xyz 


= 0 + 0 + (4k) X (4k X 0.1i) + 2(4k X (—2i)) — 4i 


a, = {—5.60i — 16j} m/s? 


Ans: 
a, = {—5.60i — 16j} m/s” 
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16-135. 


Rod AB rotates counterclockwise with a constant angular 
velocity w = 3 rad/s. Determine the velocity of point C 
located on the double collar when 0 = 30°. The collar 
consists of two pin-connected slider blocks which are 
constrained to move along the circular path and the rod AB. 


SOLUTION 
r = 2(0.4 cos 30°) = 0.6928 m 
c/a = 0.6928 cos 30°% + 0.6928 sin 30°j 
= {0.6001 + 0.3464j } m 
Vo = —0.866vci + 0.5Svcj 
vc = va + Q X rcja + (VC/A) xyz 


—0.866vci + 0.5vcj = 0 + (3k) x (0.6001 + 0.3464) + (v¢/4 cos 30° + vca sin 30°) 


—0.866vci + 0.5vcj = 0 — 1.0391 + 1.80] + 0.8660¢/44 + 0.5vcyaj 
—0.8660¢ = 1.039 + 0.8660¢/4 
0.5v¢ = 1.80 + 0.50c/4 


Uc = 2.40 m/s 


vcja = —1.20 m/s 


Ans: 
Uc = 2.40 m/s 
0 = 60° 
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*16-136. 


Rod AB rotates counterclockwise with a constant angular 
velocity w = 3 rad/s. Determine the velocity and acceleration 
of point C located on the double collar when 6 = 45°. The 
collar consists of two pin-connected slider blocks which are 
constrained to move along the circular path and the rod AB. 


SOLUTION 


rcja = {0.4001 + 0.400j } 

Vo = -vdi 

Vo = va + Q X roa + (Ve/a)syz 

—vci = 0 + (3k) X (0.4001 + 0.400j) + (vca cos 45° + veja sin 45°j) 
vd = 0 = 1.201 + 1.20j + 0.707v¢/4i + 0.7070 ¢) aj 

—vc = 1.20 + 0.707v¢/4 

0 = 1.20 + 0.7070¢)4 

Uc = 2.40 m/s 

Uc/a = —1.697 m/s 


ac=a,t+ Ôx toa + Q X (Q X rcja) + 20 X (Vcja)xyz + (ac/A)xyz 


(2.40? 
0.4 


(aci 0 3k X [3k Xx (0.41 + 0.4j)] + 2(3k) x [0.707(-1.697)i 


+ 0.707(-1.697)j] + 0.707acjai + 0.707 ac) ai 


(ac); — 14.40j = 0 + 0 — 3.601 — 3.60j + 7.201 — 7.20j + 0.707acjai + 0.707 ac) aj 


(ac), = —3.60 + 7.20 + 0.707acja 


14.40 = —3.60 — 7.20 + 0.707acya 
acja = —5.09 m/s” 
(ac) = 0 
Thus, 


(2.40)? 
0.4 


ac = {-14.4j} m/s? 


ac = (ac), = = 14.4 m/s* 


Ans: 
vc = 2.40 m/s 
ac = {-14.4j} m/s’ 
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16-137. 


Particles B and A move along the parabolic and circular 
paths, respectively. If B has a velocity of 7 m/s in the 
direction shown and its speed is increasing at 4 m/s2, while A 
has a velocity of 8 m/s in the direction shown and its speed 
is decreasing at 6 m/s”, determine the relative velocity and 
relative acceleration of B with respect to A. 


SOLUTION 


8 
1 8 rad/s’, Q = {8k} rad/s 


= va + Q X rpa + (Veya)xyz 
—8i + (8k) x (2j) + (Vaja)xyz 


—8i — 16i + (YB/A)xyz 


(YB/A)xyz = {31.0i} m/s 


Ô = {—6k} rad/s? 


= 64m/s? | 


ag = a4 + OX rga +Q x (AX rga) + 20. X (YgjA)xyz + (aB/A)xyz 


4i + 98j = 6i — 64j + (—6k) x (2j) + (8k) X (8k x 2j) + 2(8k) x (31i) + (agya)xyz 


4i + 98j = 6i — 64j + 12i — 128j + 496j + (as/A)xyz 


(agya)xyz = {—14.0i — 206j} m/s? 


Ans: 
(vsa )xyz = {31.0i}m/s 
(asja )xyz = {-14.0i = 206j} m/s? 
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16-138. 


Collar B moves to the left with a speed of 5 m/s, which is 
increasing at a constant rate of 1.5 m/s’, relative to the 
hoop, while the hoop rotates with the angular velocity and 
angular acceleration shown. Determine the magnitudes of 
the velocity and acceleration of the collar at this instant. 


SOLUTION 


Reference Frames: The xyz rotating reference frame is attached to the hoop and 
coincides with the XYZ fixed reference frame at the instant considered, Fig. a. Thus, 
the motion of the xyz frame with respect to the XYZ frame is 


v4 =a,=0 w = [—6k] rad/s ù = a = [-3k] rad/s” 
For the motion of collar B with respect to the xyz frame, 

rga = [—0.45j] m 

(Yret)xyz = [Si] m/s 


(ret) i 52 
The normal components of (ape1) xyz 18 [(@ret)xyzln = n 3 125 m/s”. Thus, 


(Aret)xyz = [-1.5i T 125j] m/s 
Velocity: Applying the relative velocity equation, 


Vg = Va + @ X EBJA + (Veet) xyz 


= 0 + (—6k) x (—0.45j) + (—Si) 


= [-7.7i] m/s 


vg = 7.7m/s = 
Acceleration: Applying the relative acceleration equation, 


ag = aa + @ X TB/A + wx (w x rga) + 2w X (Vret)xyz F (arei)xyz 


= 0 + (—3k) x (—0.45j) + (—6k) x [(—6k)  (—0.45j)] + 2(-6k) x (5i) 4 


w = 6 rad/s 


a = 3 rad/s? 


=6 radfs 
=3 rad/s” 


[nd eye], * 12 5 mjs? 


(4) 


= [—2.85i + 201.2j] m/s” 


Thus, the magnitude of ag is therefore 


ag = V 2.85? + 201.2? = 201 m/s? 
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16-139. 


Block D of the mechanism is confined to move within the slot 
of member CB. If link AD is rotating at a constant rate of 
wap = 4rad/s, determine the angular velocity and angular 
acceleration of member CB at the instant shown. 


200 mm 


bap = 4 rad/s 


SOLUTION 


The fixed and rotating X — Y and x — y coordinate system are set to coincide with 
origin at C as shown in Fig. a. Here the x — y coordinate system is attached to 
member CB. Thus 


Motion of moving Motion of Block D 
Reference with respect to moving Reference 
Yoe = 0 Ip/c = {0.3i} m 


ac=0 


i 
Aii 


Q = wcg = wcgk (Vo/c)xyz = (YD/c)xyz 

Q = acg = acgk (anjo)xyz = (ap/c)xya 
The Motions of Block D in the fixed frame are, 
Vp = @4/p X Vpja = (4k) X (0.2 sin 30°% + 0.2 cos 30°j) = {-0.4V3i + 0.4j} m/s 
ap = Ap X Epja — wap (tpa) = 0 — 4°(0.2 sin 30% + 0.2 cos 30%) 

= {-1.6i — 1.6V3j} m/s? 
Applying the relative velocity equation, 
Yp = Vo + Q X rpjc + (Vojc)xyz 


0.4V3i + 0.4j = 0 + (wcgk) X (0.3) + (Up/Cxyei 


0.4V3i + 0.4j = (Up/oyei + 0.3 cri 
Equating i and j components, 
(pjc)xyz = -~0.4V3 m/s 
0.4 = 0.3 wcg; wcg = 1.3333 rad/s = 1.33 rad/s 5 
Applying the relative acceleration equation, 
ap = act OX rpjc + Q X (Q X Epc) + 20 X (Ypo): + (ap/o)xyz 
—1.6i — 1.6V3j = 0 + (acpk) X (0.3i) + (1.3333k) x (1.3333k Xx 0.31) 
+ 2(1.3333k) x (-0.4V3i) + (ap/c)syai 
16i — 1.6V3j = [(ap/C)xyz — 0.5333]i + (0.3æcp — 1.8475)j 


Equating i and j components 
1.6 = [(ap/c)xyz — 0.5333]; (ap/c)ayz = 2.1333 m/s* 
-1.6V3 = 0.3 acp — 1.8475; acp = —3.0792 rad/s? = 3.08 rad/s? D 


Ans: 
cp = 1.33 rad/s 5 
acp = 3.08 rad/s? d 
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*16-140. 


At the instant shown rod AB has an angular velocity 
wag = 4rad/s and an angular acceleration agg = 2 rad/s’. 
Determine the angular velocity and angular acceleration of 
rod CD at this instant. The collar at C is pin connected to CD 
and slides freely along AB. 


wap = 4 rad/s 
aag = 2 rad/s? 


SOLUTION 


Coordinate Axes: The origin of both the fixed and moving frames of reference are 
located at point A. The x, y, z moving frame is attached to and rotate with rod AB 
since collar C slides along rod AB. 


Kinematic Equation: Applying Eqs. 16-24 and 16-27, we have 


vc = va +t Q X IC/A Tr (Veja) xyz (1) 


a =a,t+ 0X rcja + Q X (Q X roa) + 20 X (V cjA)xyz + (Ac/A) xyz (2) 


Motion of moving reference Motion of C with respect to moving reference 
va = 0 FCJA = {0.75i}m 

a, = 0 

Q = 4k rad/s 
Ô = 2k rad/s” 


(Vo/A)xyz = (vc/A)xyzİ 


(a C/A) xyz = (dcja) xyz i 


The velocity and acceleration of collar C can be determined using Eqs. 16-9 and 
16-14 with rc;p = {—0.5 cos 30° — 0.5 sin 30°j }m = {—0.4330i — 0.250j} m. 


Vo = wcp X fcp = —wcpk X (—0.4330i — 0.250j) 
—0.250wepi + 0.43300 pj 


_ 2 
acp X ¥cjp T &Cprc/p 


= —açp k X (—0.4330i — 0.250j) — w%p(—0.4330i — 0.250j) 


(0.4330wp — 0.250 acp) i + (0.4330acp + 0.25002%p)j 


Substitute the above data into Eq.(1) yields 
vc =Vva + Q X rca + (Voya)xyz 
—0.250 wcpi + 0.4330wcpj = 0 + 4k X 0.75i + (Uc/A)xyzi 
—0.250wcpi + 0.4330wcpj = (Uc/A)xyz i + 3.00j 
Equating i and j components and solve, we have 
(Uc/A)xyz = 71.732 m/s 


wcp = 6.928 rad/s = 6.93 rad/s 
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*16-140. Continued 


Substitute the above data into Eq.(2) yields 


ac = ag + Ox rcja + Q X (Q X rcja) + 20 X (vcjA)xyz + (Aci) xyz 


[0.4330 (6.9287) — 0.250 acp|i + [0.4330acp + 0.250(6.928?) ]j 


= 0 + 2k X 0.751 + 4k X (4k X 0.75i) + 2 (4k) X (—1.732i) + (acja)xyzi 
(20.78 — 0.250acp)i + (0.4330 acp + 12)j = [(acja)xyz — 12.0]i — 12.36j 
Equating i and j components, we have 
(4cya)xyz = 46.85 m/s? 


acp = —56.2 rad/s? = 56.2 rad/? 9 
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Ans: 
wcp = 6.93 rad/s 
acp = 56.2 rad/s’ 5 
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16-141. 


The collar C is pinned to rod CD while it slides on rod AB. If 

rod AB has an angular velocity of 2 rad/s and an angular ap = 8 rad/s? 
acceleration of 8 rad/s?, both acting counterclockwise, 

determine the angular velocity and the angular acceleration 

of rod CD at the instant shown. 


SOLUTION 


The fixed and rotating X — Y and x — y coordinate systems are set to coincide with 
origin at A as shown in Fig. a. Here, the x — y coordinate system is attached to link 
AC. Thus, 


Motion of moving Reference Motion of collar C with 
respect to moving Reference 


v4 — 0 toa = {1.5i} m 

a, = 0 

Q = w4g = {2k} rad/s (Voya) xyz = (Veja) xyal 

Q = agg = {8k} rad/s? (acja)xyz = (Ac/a)xyal 
The motions of collar C in the fixed system are 


Vo = wcp X ¥cjp = (—@cpk) X (~i) = @coj 


ac = &cp X c/p 7 cp Icjp 7 (—acpk) x (=i) wep( i) = wepi 4 acpj 


Applying the relative velocity equation, 
vc = va + Q X roja + (YcjA)xyz 
wcpj = 0 + (2k) X (1.5i) = (vecja )xyi 
wcp) = (Vcja)xyd + 3j 

Equating i and j components 
(Vc/A) xyz =0 
wcp = 3.00 rad/s 2) 


Applying the relative acceleration equation, 


ac=a,+ Qx rcja + Q X (Q X roa) + 20 X (Veja)ayz + (acjA)xyz 


3.001 + acpj = 0 + (8k) X (1.5i) + (2k) X (2k X 1.5i) + 2(2k) X 0 + (ac/A)xyel 


9i + acpj = [(acya)yz — 6]i + 12) 
Equating i and j components, 

9 = (acja)xyz = 6; (acja)xyz =15 m/s” 

acp = 12.0 rad/s? D 


= 3.00 rad/s 2 
= 12.0rad/s? D 
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16-142. 


At the instant shown, the robotic arm AB is rotating 
counterclockwise at w = 5 rad/s and has an angular 
acceleration a = 2 rad/s’. Simultaneously, the grip BC is 
rotating counterclockwise at w' = 6 rad/s and a’ =2 rad/s’, 
both measured relative to a fixed reference. Determine the 
velocity and acceleration of the object held at the grip C. 


SOLUTION 


Vo Yp T Q x rc/B T (Yc/B)xyz 


ac = agp + Ôx rcg + Q X (Q X rcs) + 20 X (Ves) xyz + (ac/B)xyz 


Motion of Motion of C with respect 
moving reference to moving reference 


¥cjp = {0.125 cos 15°i + 0.125 sin 15°j} m 


Q = {6k} rad/s (Vo/a)xyz = 0 


Q = {2k} rad/s? (acB)xyz =0 


Motion of B: 
Vp =~ wX IB/A 
(5k) x (0.3 cos 30° + 0.3 sin 30°) 
{—0.75i + 1.2990j} m/s 
= a X rgjaA7WTpjA 
= (2k) X (0.3 cos 30°i + 0.3 sin 30°j) — (5)7(0.3 cos 30°i + 0.3 sin 30°j) 
= {—6.7952i — 3.2304j} m/s? 
Substitute the data into Eqs. (1) and (2) yields: 
vc = (—0.75i + 1.2990j) + (6k) x (0.125 cos 15°i + 0.125 sin 15°j) + 0 
= {—0.944i + 2.02j} m/s 
ac = (—6.79527i — 3.2304j) + (2k) X (0.125 cos 15°i + 0.125 sin 15%j) 
+ (6k) X [(6k) x (0.125 cos 15°i + 0.125 sin 15°j)] + 0 + 0 


= {-11.2i — 4.15j} m/s? 


= {-0.944i + 2.02j} m/s 
{-11.2i — 4.15j} m/s? 
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16-143. 


Peg B on the gear slides freely along the slot in link AB. If 
the gear’s center O moves with the velocity and 
acceleration shown, determine the angular velocity and 
angular acceleration of the link at this instant. 


SOLUTION 


Gear Motion: The IC of the gear is located at the point where the gear and 
the gear rack mesh, Fig. a. Thus, 
Vo 3 


= = —_ = 20 rad 
TO/IC 0.15 ii is 


Then, 
UB = @rsBjic = 20(0.3) = 6 m/s > 


1 
Since the gear rolls on the gear rack,a = #0 015 > 10 rad/s. By referring to Fig. b, 
r : 


ag = ao +ax Tz/o = w TBO 


(ag) i — (ag)nj = 1.51 + (—10k) x 0.15j — 20°(0.15j) 


(ag) i — (ag) j = 3i — 60j 


Thus, 
(ag); = 3 m/s* (ag), = 60 m/s” 


Reference Frame: The x'y'z' rotating reference frame is attached to link AB and 
coincides with the XYZ fixed reference frame, Figs. c and d. Thus, vp and ap with 
respect to the XYZ frame is 


vz = [6 sin 30° — 6 cos 30° j] = [3i — 5.196j] m/s 
ag = (3 sin 30° — 60 cos 30°)i + (—3 cos 30° — 60 sin 30°)j 
= [-50.46i — 32.60j] m/s” 

For motion of the x’y'z' frame with reference to the XYZ reference frame, 

Va=a,=0 wag = —Wapk wag = —aagk 
For the motion of point B with respect to the x’ y’z' frame is 

TpB/a 7 [0.6j]m (Veet) x'y'z’ a (Veet) xyz j (Ae) vy" a (Gret)x'y'z j 

Velocity: Applying the relative velocity equation, 


Vg = Va t+ oag X EBJA T (Vrei)x'yiz! 


3i — 5.196j = 0 + (—w4gk) X (0.6j) + (Vrea)xvyz 
3i — 5.196j = 0.6w4gi + (Vea)xyzj 
Equating the i and j components yields 
3 = 0.6w4g wag = 5 rad/s 
(trex yz = —5.196 m/s 


Acceleration: Applying the relative acceleration equation. 


ag = a4 +t Wag X rgja + wag X (wag X Epa) + 2@aB X (Vrete'ye’ + (a re)wyz 


l/o As), 
Coe 


4,=/50/s* 


J we 20d); 


X= /0 ted /s* 


50.461 — 32.60j = 0 + (—aagk) x (0.6j) + (—5k) x [(—5k) x (0.6j)] + 2(—5k) x (—5.196j) + (rer) xyz 


50.461 — 32.60j = (0.6a4g — 51.96)i + [(eeye — 15]j 
Equating the i components, 
—50.46 = 0.6a 4g — 51.96 
aag = 2.5 rad/s? 
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Ans: 
wap = Srad/s d 
aag = 2.5 rad/s? D 
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*16-144. 


The cars on the amusement-park ride rotate around the 
axle at A with a constant angular velocity w4;f = 2 rad/s, 
measured relative to the frame AB. At the same time the 
frame rotates around the main axle support at B with a 
constant angular velocity wy = 1 rad/s. Determine the 
velocity and acceleration of the passenger at C at the 
instant shown. 


SOLUTION 


Vo = Va + Q X rcja + (Veja) xyz 


ac =a, t+ Ox rcja + OX (OX rca) + 20. X (Weya)ayz + (ac/A)xyz 


Motion of Motion of C with respect 
moving refernce to moving reference 


Q = {3k} rad/s rcja = {—8i} ft 
(Vo/A)xyz = 0 
(acja)xyz = 0 
Motion of A: 
va = o XTAB 
(1k) x (—15cos30°i + 15sin30°j) 
{—7.5i — 12.99j} ft/s 
= a X AJB T wT 4/B 
0 — (1)?(—15cos30°% + 15sin30°j) 
= {12.991 — 7.5j} ft/s” 
Substitute the data into Eqs.(1) and (2) yields: 
Vo = (-7.5i — 12.99j) + (3k) x (—8i) + 0 
= {—7.5i — 37.0j} ft/s 
ac = (12.991 — 7.5j) + 0 + (3k) x [(3k) x (—8i) + 0 + 0] 


= {85.0i — 7.5j} ft/s? 


Ans: 
Vo = {-7.5i — 37.0j} ft/s 
ac = {85.01 — 7.5j} ft/s? 
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16-145. 


A ride in an amusement park consists of a rotating arm AB _o' = 0.5 rad/s 
having a constant angular velocity w 4, = 2 rad/s about point 

A and a car mounted at the end of the arm which has a 

constant angular velocity w' = {—0.5k} rad/s, measured 

relative to the arm. At the instant shown, determine the 

velocity and acceleration of the passenger at C. 


SOLUTION 

rg;a = (10 cos 30°i + 10 sin 30°j) = {8.661 + Sj} ft 

vg = wag X ¥ pa = 2k X (8.661 + 5j) = {-10.01 + 17.329} ft/s 
= Gap X ¥B/a T wB YB/A 


0 — (2)?(8.66i + 5j) = {—34.64i — 20j} ft/s? 


(2 — 0.5)k = 1.5k 


= vg + Q X rcg + (Yc/B)xyz 


10.0i + 17.32j + 1.5k x (—2j) + 0 


{—7.00i + 17.3j} ft/s 


=a, t+ 2x rcs + Q X (Q X rejg) + 20 X (Ves) xyz + (AcyB)xyz 


34.641 — 20j + 0 + (1.5k) x (1.5k) xX (—2j) + 0 +0 


{—34.6i — 15.5j} ft/s? 


Ans: 
vc = {—7.00i + 17.39} ft/s 
ac = {—34.6i — 15.5j} ft/s? 
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16-146. 


A ride in an amusement park consists of a rotating arm AB 
that has an angular acceleration of a,g = 1 rad/s? when 
wag = 2 rad/s at the instant shown. Also at this instant the 
car mounted at the end of the arm has an angular 
acceleration of œ = {—0.6k} rad/s? and angular velocity of 
@' = {—0.5k} rad/s, measured relative to the arm. 
Determine the velocity and acceleration of the passenger C 
at this instant. 


SOLUTION 
rg/a = (10 cos 30°% + 10 sin 30°j) = {8.661 + 5j} ft 
vg = wag X rgja = 2k X (8.661 + 5j) = {-10.0i + 17.32j} ft/s 


_ 2 
ag = Gap X fBjA T WAB ËB/A 


= (1k) X (8.66i + 5j) — (2)?(8.66i + 5j) = {—39.64i — 11.34j} ft/s? 
Q = (2-0.5)k = 1.5k 
Q = (1 — 0.6)k = 0.4k 


Vo = Vp + Q X rcg + (Voya) xyz 


10.01 + 17.32j + 1.5k x (—2j) + 0 


{—7.00i + 17.3j} ft/s 


=a, + 2x rc; + Q X (Q X rcg) + 20 X (Veja) xyz + (ac/B)xyz 


39.64i — 11.34j + (0.4k) X (—2j) + (1.5k) x (1.5k) x (—2j) + 0 + 0 


{—38.8i — 6.84j} ft/s? Ans. 


Ans: 
vc = {-7.00i + 17.3j} ft/s 
ac = {—38.8i — 6.84j} ft/s? 
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16-147. 


If the slider block C is fixed to the disk that has a constant 
counterclockwise angular velocity of 4 rad/s, determine the 
angular velocity and angular acceleration of the slotted arm 
AB at the instant shown. 


SOLUTION 


vc = —(4)(60) sin 30° — 4(60) cos 30°j = —120i — 207.85j 
ac = (4)°(60) sin 60°i — (4)?(60) cos 60°j = 831.381 — 480j 
Thus, 

Vo = Va + Q X roa + (Veya)xyz 


—120i — 207.85j = 0 + (wagk) x (180j) — vcjaj 


~120 = -180w 4p 
wag = 0.667 rad/s 5 
-207.85 = -v¢e/ 
Ucja = 207.85 mm/s 


ac = a4 + OX roa + DX (OD X rca) +20 X (VE/A)eyz + (AcyA)avz 


831.38i — 480j = 0 + (aagk) x (180j) + (0.667k) x [(0.667k) X (180j)] 
+ 2(0.667k) x (—207.85j)—ac;aj 

831.38i — 480j = —180 aagi — 80j + 277.13i — acaj 

831.38 = —180a4g + 277.13 

aag = —3.08 

Thus, 

aag = 3.08 rad/s? D 

-480 = -80 — acja 


acja = 400 mm/s” 


Ans: 
wag = 0.667 rad/s 5 
aag = 3.08 rad/s? D 
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*16-148. 


At the instant shown, car A travels with a speed of 25 m/s, 
which is decreasing at a constant rate of 2m/ s*, while car C 
travels with a speed of 15m/s, which is increasing at a 
constant rate of 3m/s’. Determine the velocity and 
acceleration of car A with respect to car C. 


SOLUTION 


Reference Frame: The xyz rotating reference frame is attached to car C and 
coincides with the XYZ fixed reference frame at the instant considered, Fig. a. Since 
car C moves along the circular road, its normal component of acceleration is 
2 2 
Vo 15 


(ac), = — = 250 > 0.9 m/s”. Thus, the motion of car C with respect to the XYZ 


frame is 


vc = —15 cos 45° — 15 sin 45°j = [-10.607i — 10.607j] m/s 


ac = (—0.9 cos 45° — 3 cos 45°)i + (0.9 sin 45° — 3 sin 45°)j = [—2.758i — 1.485j] m/s? 


Also, the angular velocity and angular acceleration of the xyz reference frame is 


eis rials = [-0.06k] rad/s 
- 750 i w i 


w 


Z a 0.012 rad/s? @ = [-0.012k] rad/s? 
P 


The velocity and accdeleration of car A with respect to the XYZ frame is 
v4 = [25j] m/s a4 = [—2j] m/s” 
From the geometry shown in Fig. a, 
rac = —250 sin 45°i — (450 — 250 cos 45°)j = [—176.78i — 273.22j] m 
Velocity: Applying the relative velocity equation, 
Va = Vo + w X Pac + (Y rei)xyz 
25j = (—10.607i — 10.607j) + (—0.06k) x (—176.78i — 273.22j) + (V ret) xyz 
25j = -27i + (Weedaye 
(Vra)aye = [274 + 254] m/s 

Acceleration: Applying the relative acceleration equation, 
a4 = ac + o X raj tw X (w X rac) + 20 X (Veet)eyz + (A rei)xyz 
—2j = (—2.758i — 1.485j) + (—0.012k) x (—176.78i — 273.22j) 


+ (—0.06k) x [(—0.06k) xX (—176.78i — 273.22j)] + 2(—0.06k) x (27i + 25j) + (arei)xyz 


2j = —2.4i — 1.62j + (a rei)xyz 

Ans: 

(Vret)xyz z [27i T 25j] m/s 
(arei): = [2.41 — 0.38j] m/s? 


(Ae) xvz = [2.41 ~ 0.383] m/s? 
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16-149. 


At the instant shown, car B travels with a speed of 15 m/s, 
which is increasing at a constant rate of 2m/ s*, while car C 
travels with a speed of 15 m/s, which is increasing at a 
constant rate of 3 m/s’. Determine the velocity and 
acceleration of car B with respect to car C. 


SOLUTION 


Reference Frame: The xyz rotating reference frame is attached to C and coincides 


with the XYZ fixed reference frame at the instant considered, Fig. a. Since B and C 


move along the circular road, their normal components of acceleration are 
2 2 2 2 
VB 15 Vo 15 
(4B)n = Pa = = 


750 and (ac), = p T50 = 0.9 m/s”. Thus, the 


motion of cars B and C with respect to the XYZ frame are 


(Ac),=0.9m/s* 
45° 
vz = [-15i] m/s ' A.,23 mls” 
vc = [-15 cos 45°i — 15 sin 45°j] = [—10.607i — 10.607] m/s 
ag = [-2i + 0.9j] m/s? 
ac = (—0.9 cos 45°—3 cos 45°)i + (0.9 sin 45°—3 sin 45°)j = [—2.758i — 1.485 j] m/s? 


Also, the angular velocity and angular acceleration of the xyz reference frame with 
respect to the XYZ reference frame are 


oe - = = = 0.06 rad/s wœ = [—0.06k] rad/s 


= i = 0.012 rad/s” @ = [-0.012k] rad/s? 
p 


From the geometry shown in Fig. a, 
gic = 7250 sin 45°% — (250 — 250 cos 45°)j = [—176.78i — 73.22 j] m 
Velocity: Applying the relative velocity equation, 


Vp =VotwxX TBIC + (Vret)xyz 


15i = (—10.607i — 10.607j) + (—0.06k) x (—176.78i — 73.22j) + (Vre1)xyz 
=15 = —159 + (Veer) xyz 
(Vretxyz = 0 
Acceleration: Applying the relative acceleration equation, 


ag = ac + @ xX Ipic + w X (w x rg/c) + 2w X (Viet) xyz + (a rel) xyz 


2i + 0.95 = (—2.758i — 1.485j) + (—0.012k) x (—176.78i — 73.22j) 


+(—0.06k) X [(—0.06k) x (—176.78i — 73.22j)] + 2(—0.06k) X 0 + (Are) xyz 


2i + 0.95 = —3i + 0.95 + (Aer) xyz Ans: 


_ . 2 (Vrei)x a 0 
(a lkv [1i] m/s (a <a = {1i} m/s” 
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16-150. 


The two-link mechanism serves to amplify angular motion. 
Link AB has a pin at B which is confined to move within the 
slot of link CD. If at the instant shown, AB (input) has an 
angular velocity of w4g = 2.5 rad/s, determine the angular 
velocity of CD (output) at this instant. 


SOLUTION 


fRA _ 0.15 m 
sin 120° sin 45° 


rga = 0.1837 m 

v =0 

ac= 0 

Q = -@pck 

os —apck 

rg;c = {—0.15 i} m 
(Vaic)xyz = ajc) xyzh 


(ag/c)xyz = (4z/c)xya 


vg = wag X ¥p/a = (72.5k) X (—0.1837 cos 15° + 0.1837 sin 15°j) 


{0.1189i + 0.4436j} m/s 
Vg = Vc + Q X rge + (Vac)xyz 


0.1189i + 0.4436j = 0 + (~øpck) X (—0.15i) + (vB) 


0.1189i + 0.4436j = (vg/c)xyzi + 0.15wpcj 
Solving: 
(VB/c)xyz = 0.1189 m/s 


wpc = 2.96 rad/s 2 


Ans: 
wpc = 2.96 rad/s 2) 
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16-151. 


The disk rotates with the angular motion shown. Determine 
the angular velocity and angular acceleration of the slotted 
link AC at this instant. The peg at B is fixed to the disk. 


SOLUTION 


w=6 rad/s\S 


Vp = —6(0.3)i = —1.8i a = 10 rad/s? 
ag = —10(0.3)i — (6)°(0.3)j = —3i — 10.8; 

Vg = Va + Q X rga + (Upya)syz 

—1.8i = 0 + (wack) X (0.751) — (vga) wa 

—1.8i = — (Ba) xyz 

(Up/A) xyz = 18m/s 

0 = wac(0.75) 


wac = 0 


ag =a,t+ OX rga + O X (QO X rga) + 2D X (Upadayz + (ABja)ayz 


3i — 10.8j = 0 + ayck X (0.75%) + 0 + 0 = aspi 
—3 = —aa/p 
aajp = 3 m/s” 
-10.8 = ayjc(0.75) 
aac = 14.4 rad/s” D 
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Ans: 
WAC — 0 
aac = 14.4 rad/s’ D 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*16-152. 


The Geneva mechanism is used in a packaging system to 
convert constant angular motion into intermittent angular 
motion. The star wheel A makes one sixth of a revolution 
for each full revolution of the driving wheel B and the 
attached guide C. To do this, pin P, which is attached to B, 
slides into one of the radial slots of A, thereby turning 
wheel A, and then exits the slot. If B has a constant angular 
velocity of wg = 4 rad/s, determine w, and a, of wheel A 
at the instant shown. 


SOLUTION 


The circular path of motion of P has a radius of 


rp = 4tan 30° = 2.309 in. 


vp = —4(2.309)j = —9.238j 


ap = —(4)°(2.309)i = —36.95i 


Vp = va + Q X Epa t+ (Veja) yz 
—9.238j = 0 + (w4 k) X (4j) — vpyai 
Solving, 
wA 7 0 


VP/A = 9.238 in./s 


ap = a4 + Ô X rpa + Q X (Q X rpa) + 20 X (Weja)aye + (apjA)xyz 


—36.95i = 0 + (ayk) X (4j) + 0 + 0 — ap;aj 
Solving, 
-36.95 = —4a4 
aa = 9.24 rad/s? 5 


ap/A =0 
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wg = 4 rad/s 
m S 


Ans: 
wa = 0 
aa = 9.24rad/s? 5 
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17-1. 


Determine the moment of inertia Z, for the slender rod. The 
rod’s density p and cross-sectional area A are constant. 
Express the result in terms of the rod’s total mass m. 


SOLUTION 
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17-2. 


z 


The solid cylinder has an outer radius R, height h, and is 


made from a material having a density that varies from its 
center as p = k + ar’, where k and a are constants. 
Determine the mass of the cylinder and its moment of 
inertia about the z axis. 
SOLUTION 
Consider a shell element of radius r and mass 

dm = pdV = p(27rr dr)h 


R 
m= [ (k + ar’)(2a r dr)h 
0 


r 


2 
m= 2mh EE Ar 


R? 
m= mhR(k +) 


dI = r-dm=r(p)Qardr)h 
R 
I, = i rk + ar’) (2a rdr)h 
0 
R 
l, = anh | (kr + ar) dr 
0 


k R’ 
I, = 2mh[ 4 H 


4 
pari [k 4 
2 
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17-3. 


Determine the moment of inertia of the thin ring about the 
z axis. The ring has a mass m. 


SOLUTION 


27 
I p A(Rd0)R? = 27 pA RÈ 
0 


20 
[ pARdd=27pAR 
0 
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*17-4, 

The paraboloid is formed by revolving the shaded area 


around the x axis. Determine the radius of gyration k,. The 
density of the material is p = 5 Mg/m°. 


SOLUTION 


dm = pw y’ dx = p m (50x) dx 


1 q 2 
I =y dm =-= 50 x {7 p (50x)} dx 
2 Zo 
502 1 200 
= 2% \ ie 
P e 2 J= | 


= px ($ Jao 


200 
m= fam= f a p (50x) dx 
0 


1.7200 
=p (50)|5 a| 


= pr (2)eoy 


— Jl [50 _ 
ky 3 (200) = 57.7 mm 


794 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


17-5. 


Determine the radius of gyration k, of the body. The 
specific weight of the material is y = 380 lb/ft’. 


SOLUTION 


pdV = pry dx 


1 1 
5 (dm)? = 57py dx 


8 
1 
| mpx’? dx = 86.17p 
o 2 


8 
f mpx’? dx = 60.32p 
0 


[Ix /86.17p . 
a 60.32p = 1.20 in. 
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17-6. 


The sphere is formed by revolving the shaded area around 
the x axis. Determine the moment of inertia /, and express 
the result in terms of the total mass m of the sphere. The 
material has a constant density p. 


SOLUTION 


dm = pdV = p(y’ dx) = pa(r* — x’) dx 


1 
dl, = 7? ar — x) dx 


"1 
‘| zP ar 7 xy dx 


= pur 
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17-7. 


The frustum is formed by rotating the shaded area around 
the x axis. Determine the moment of inertia J, and express 
the result in terms of the total mass m of the frustum. The 
frustum has a constant density p. 


SOLUTION 


b? 
x? 


dm = pdV = pry’ dx = pr( 5 
a 


1 
2 = PTI dx 


4 bt 6 b4 
44 3 x? 
a 
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*17-8. 


The hemisphere is formed by rotating the shaded area 
around the y axis. Determine the moment of inertia 7, and 
express the result in terms of the total mass m of the 
hemisphere. The material has a constant density p. 


SOLUTION 


m= [ pav=p | mdy = pn | (2 - dy 
Vv 0 0 


1 "2 
ee, 
0 


1 p r pr r 
pdm)? =F | axtay- 2 | (r? — yY dy 
i 2 Jo 2 Jo ) 


T 
zP iy 


2 3 
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17-9, 


Determine the moment of inertia of the homogeneous 
triangular prism with respect to the y axis. Express the result 
in terms of the mass m of the prism. Hint: For integration, use 
thin plate elements parallel to the x-y plane and having a 
thickness dz. 


SOLUTION 


dV = bx dz = b(a)(1 a dz 


dl, = dl, 4 MIG? + 22] 


A (x*) + d ee : 
12 MX my mz 


2 
= dm + 2) 


1 2 2 
== + 
D abhp(a + hî) 


1 
m= pV = z abhp 


I, =% (@ + P) 
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17-10. 


The pendulum consists of a 4-kg circular plate and a 
2-kg slender rod. Determine the radius of gyration of the 
pendulum about an axis perpendicular to the page and 
passing through point O. 


SOLUTION 


Using the parallel axis theorem by referring to Fig. a, 
Io = S(Ig F md’) 


= Zoe) + 2(2)| + oos) + 4(2.52) 


= 28.17 kg: m? 


Thus, the radius of gyration is 


To 28.17 7 
ko wu bre = 2.167m = 2.17m 
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17-11. 


The assembly is made of the slender rods that have a mass 
per unit length of 3 kg/m. Determine the mass moment of 
inertia of the assembly about an axis perpendicular to the 
page and passing through point O. 


SOLUTION 


Using the parallel axis theorem by referring to Fig. a, 
Io = 5 (Ic F md’) 


= {F(30.y)(12) + [3021(02)} 


+ {51304 (0.4 + (310.4}(08")} 


= 1.36 kg: m? 


Ans: 
Io = 1.36 kg: m? 
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*17-12. 
Determine the moment of inertia of the solid steel assembly 


about the x axis. Steel has a specific weight of 
Yu = 490 lb/ft? 


SOLUTION 


1 2,3 2_ 3 2 
= 5) + = 5} -> ; 
L z™ (0.5) T0”? (0.5) 10 3 (0.25) 


70.505 + = Gyros (4)(0.5} — Hi rosrooz (2) 


= 5.64 slug- ft? Ans. 


Ans: 
I, = 5.64 slug: ft? 
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17-13. 
The wheel consists of a thin ring having a mass of 10 kg and 
four spokes made from slender rods, each having a mass of 


2 kg. Determine the wheel’s moment of inertia about an 
axis perpendicular to the page and passing through point A. 


SOLUTION 


I, = 1, + md 


= hioa + 1005) | + 18(0.5) 


= 7.67 kg: m? 


Ans: 
I, = 7.67 kg: m? 
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17-14. 


If the large ring, small ring and each of the spokes weigh 
100 Ib, 15 lb, and 20 lb, respectively, determine the mass 
moment of inertia of the wheel about an axis perpendicular 
to the page and passing through point A. 


SOLUTION 


Composite Parts: The wheel can be subdivided into the segments shown in Fig. a. 
The spokes which have a length of (4 — 1) = 3 ft and a center of mass located at a 


3 
distance of (: + >) ft = 2.5 ft from point O can be grouped as segment (2). 


Mass Moment of Inertia: First, we will compute the mass moment of inertia of the 
wheel about an axis perpendicular to the page and passing through point O. 


lo = GNA i aa (S5)e| j (So) 


= 84.94 slug: ft? 


The mass moment of inertia of the wheel about an axis perpendicular to the page 
and passing through point A can be found using the parallel-axis theorem 


100 20 15 
= Io + md? = ' ' =8. = 4ft. 
I, n Ig + md*, where m 302 (2) 322 8.5404 slug and d = 4ft 


Ia = 84.94 + 8.5404(4°) = 221.58 slug - ft? = 222 slug - ft? Ans. 
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Ans: 
I, = 222 slug: ft? 
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17-15. 


Determine the moment of inertia about an axis perpendicular 
to the page and passing through the pin at O. The thin plate 
has a hole in its center. Its thickness is 50 mm, and the 
material has a density p = 50 kg/m. 


SOLUTION 


F 5 [50(1-4)(1.4)(0.05) ][ (1.4)? + (1.4) 


-— 5[50(7)(0.15)7(0.05)](0.15) 
1.5987 kg> m? 
= Ig + md? 
m = 50(1.4)(1.4)(0.05) — 50(7)(0.15)?(0.05) = 4.7233 kg 


Io = 1.5987 + 4.7233(1.4 sin 45°)? = 6.23 kg- m? 


Ans: 
Io = 6.23 kg- m? 
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*17-16. 


Determine the mass moment of inertia of the thin plate 
about an axis perpendicular to the page and passing 
through point O. The material has a mass per unit area of 
20 kg/m’. 


SOLUTION 


Composite Parts: The plate can be subdivided into two segments as shown in Fig. a. 
Since segment (2) is a hole, it should be considered as a negative part. The 
perpendicular distances measured from the center of mass of each segment to the 
point O are also indicated. 


Mass Moment of Inertia: The moment of inertia of segments (1) and (2) are computed 
as mı = 7(0.27)(20) = 0.87 kg and m, = (0.2)(0.2)(20) = 0.8 kg. The moment of 
inertia of the plate about an axis perpendicular to the page and passing through point 
O for each segment can be determined using the parallel-axis theorem. 


Io = XIg + ma? 


= 5 (0.87)(0.2") + 0.8n(02")| -— 5 (0.8)(0.2? + 0.27) + 0.8(0.2°) 


= 0.113 kg: m? 


806 


Ans: 
Io = 0.113 kg: m? 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


17-17. 


Determine the location y of the center of mass G of the 
assembly and then calculate the moment of inertia about 
an axis perpendicular to the page and passing through G. 
The block has a mass of 3 kg and the semicylinder has a 
mass of 5 kg. 


SOLUTION 


Moment inertia of the semicylinder about its center of mass: 


1 4R\? 
Ue)eye mR? m( ) = 0.3199mR* 
f 2 3m 


(02 Ss + 0.35(3 
ean l A 0.2032 m = 0.203 
I= Sm 543 renee Cte 


4(0.2) 
3a 


| 5 (3)(0.3? + 0.4?) 


+ 3(0.35 — 0.2032)? 


le 0.3199(5)(0.2)° + 5| 0.2032 (o2 


0.230 kg: m? Ans. 
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Ans: 
Ig = 0.230 kg: m? 
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17-18. 


Determine the moment of inertia of the assembly about an 
axis perpendicular to the page and passing through point O. 
The block has a mass of 3 kg, and the semicylinder has a 
mass of 5 kg. 


SOLUTION 


1 4R\2 
Ue)eyt = zk „($ ) = 0.3199 mR? 
: T 


a 


r i — (3)((0.3)? + (0.4)?) + 3(0.350) 


To = 0.3199(5)(0.2)? 4 s(o2 


= 0.560 kg- m? Ans. 


Also from the solution to Prob. 17-22, 
Io = Ig F md? 
= 0.230 + 8(0.2032) 


= 0.560 kg- m? 
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Ans: 
Io = 0.560 kg + m? 
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17-19. 


Determine the moment of inertia of the wheel about an 
axis which is perpendicular to the page and passes through 
the center of mass G. The material has a specific weight 
y = 90 lb/ft’. 


SOLUTION 


r= 3] meyrors ley +1 mesra esr 


-a (7)(2) wle- BEATO 25)40. 25) 0. 25)? 


(35 Jeno. 25)%(0. 25) a} 


118.25 = 118 slug: ft? 
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Ans: 
Ig = 118 slug: ft? 
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*17-20. 


Determine the moment of inertia of the wheel about an axis 
which is perpendicular to the page and passes through point O. 
The material has a specific weight y = 90 lb/ft®. 


SOLUTION 


— 90 
32.2 


[ r(2)?(0.25) + a { (2.5)?(1) — (2)7(1)} — 427(0.25)?(0.25)] = 27.99 slug 


m 


From the solution to Prob. 17-18, 


Ig = 118.25 slug» ft? 


To = 118.25 + 27.99(2.5)? = 293 slug - ft? 
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Ans: 
To = 293 slug: ft? 
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17-21. 


The pendulum consists of the 3-kg slender rod and the 
5-kg thin plate. Determine the location y of the center of 
mass G of the pendulum; then calculate the moment of 
inertia of the pendulum about an axis perpendicular to the 
page and passing through G. 


SOLUTION 


_ 13) + 2.25(5) 
345 


= 1.781 m = 1.78 m 


= ZO + 3(1.781 — 1)? + 5 N05 + P) + 5(2.25 — 1.781)’ 


= 4.45 kg: m? 


Ans: 
y =1.78m 
Ig = 4.45 kg: m? 
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17-22. 


Determine the moment of inertia of the overhung crank 
about the x axis. The material is steel having a destiny of 
p = 7.85 Mg/m°. 


SOLUTION 


m, = 7.85(10°)((0.05)7(0.01)?) = 0.1233 kg 


m, = 7.85(10°)((0.03)(0.180)(0.02)) = 0.8478 kg 


Ls 2|F(0.1233)(001)" + (0.1233)(0.06) | 


+ | 10.8478)( (003) + (0.180))| 


= 0.00325 kg-m? = 3.25 g- m? 
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17-23. 


Determine the moment of inertia of the overhung crank 


about the x’ axis. The material is steel having a destiny of 
p = 7.85 Mg/m°. 


SOLUTION 


me = 7.85(103)((0.05)7(0.01)?) = 0.1233 kg 


m, = 7.85( 10°) ((0.03)(0.180)(0.02)) = 0.8478 kg amm = 


Tee É (01233)0.01 + E (0.1233)(0.02)? + (0.1233)(0.120) | 


E (0.8478)( (0.03)? + (0.180)?) + (0.8478)(0.06) | 


= 0.00719 kg-m? = 7.19 g- m? 


Ans: 
Ip = 7.19 g- m? 
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*17-24, 


The door has a weight of 200 lb and a center of gravity at G. 
Determine how far the door moves in 2 s, starting from rest, 
if a man pushes on it at C with a horizontal force F = 30 lb. 
Also, find the vertical reactions at the rollers A and B. 


SOLUTION 


200 
m(ag)x3 30 = G5 9)4a 


ag = 4.83 ft/s? 


=(My)ai N (12) — 200(6) + 30(9) = (S5)483)(7) 


Ng = 95.0 lb 


m(ag)y; N, + 95.0 — 200 = 0 


N, = 105 1b 


1 2 
= So + Vot F zlat 


1 
=0+0+ 73 (4-83)(2)° = 9.66 ft 


Ans: 

Nz = 95.0 Ib 
N, = 105 lb 
s = 9.66 ft 
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17-25. 


The door has a weight of 200 lb and a center of gravity at G. 
Determine the constant force F that must be applied to the 
door to push it open 12 ft to the right in 5 s, starting from 
rest. Also, find the vertical reactions at the rollers A and B. 


SOLUTION 


1 
(4)s = So + vot + zot 


1 
12=0+0+ zac)" 


a, = 0.960 ft/s” 


_ 200 


S YF, = m(ag)x3 F= 327 


(0.960) 
F = 5.9627 lb = 5.96 lb 


200 
Ç+2M4 = E(M;)a;  NB(12) — 200(6) + 5.9627(9) = [5 (0.960)(7) 
Nz = 99.0 1b 


+Î2F, = m(ag)y; N4 + 99.0 — 200 = 0 


101 Ib 


Ans: 

F = 5.96 lb 
Ng = 99.0 lb 
N4 = 101 1b 
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17-26. 


The jet aircraft has a total mass of 22 Mg and a center of 
mass at G. Initially at take-off the engines provide a thrust 
2T = 4kN and T’ = 1.5 kN. Determine the acceleration of 
the plane and the normal reactions on the nose wheel and 
each of the two wing wheels located at B. Neglect the mass 
of the wheels and, due to low velocity, neglect any lift 
caused by the wings. 


2204.81) kN 
3m 


SOLUTION 1.548 
SF, = 1.5 + 4 = 22a, E Jaa 
Z.S m LIM g A 
+TSF,=0; 2B, + A, — 2209.81) = 0 3 
G+EMg = E(Mpg)s;  4(2.3) — 1.5(2.5) — 22(9.81)(3) + A, (9) = —22ac(1.2) 
Ay = 72.6 kN Ans. 
B, = 71.6 kN Ans. 


ag = 0.250 m/s? Ans. 


Ans: 

A, = 72.6 KN 
B, = 71.6 kN 
ag = 0.250 m/s” 
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17-27. 


The sports car has a weight of 4500 Ib and center of gravity 
at G. If it starts from rest it causes the rear wheels to slip 
as it accelerates. Determine how long it takes for it to reach 
a speed of 10 ft/s. Also, what are the normal reactions at 
each of the four wheels on the road? The coefficients of 
static and kinetic friction at the road are u, = 0.5 and 
Uk = 0.3, respectively. Neglect the mass of the wheels. 


SOLUTION 


—4500 


G+=M, = >(M,)4; —2N (6) + 4500(2) = 329 


ag(2.5) 
4500 


5 5F, = m(ag)};  0.3(2Np) = oo% 


+ÎEF, = m(ac),; 2Ng + 2N; — 4500 = 0 


Solving, 
N 4 = 1393 Ib 
Nz = 857 lb 
ag = 3.68 ft/s 
(>) V = Up + ad 
10 = 0 + 3.68 t 


t = 2.12s 


1393 Ib 
857 Ib 
t = 2.72s 
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*17-28. 


The assembly has a mass of 8 Mg and is hoisted using the 
boom and pulley system. If the winch at B draws in the cable 
with an acceleration of 2 m/s”, determine the compressive 
force in the hydraulic cylinder needed to support the boom. 
The boom has a mass of 2 Mg and mass center at G. 


SOLUTION 


Sp t+ 2s, =1 


4g 7 —2az, 


2 = —2a;, 
a, = —1m/s’ 
Assembly: 
+T3F, = ma, 2T — 8(10°)(9.81) = 8(103)(1) ee. 
T = 43.24kN Su. 


Boom: 


3 a 3 7 Ki PHIAN 
G+EM, = 0; Fep(2) — 2(10°)(9.81)(6 cos 60°) — 2(43.24)(10°)(12 cos 60°) = 0 gs. Al n>N 


Fcp = 289 kN Ans. 


Ans: 
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17-29. 


The assembly has a mass of 4 Mg and is hoisted using the 
winch at B. Determine the greatest acceleration of the 
assembly so that the compressive force in the hydraulic 
cylinder supporting the boom does not exceed 180 kN. What 
is the tension in the supporting cable? The boom has a mass 
of 2 Mg and mass center at G. 


SOLUTION 


Boom: 


G+=My, = 0; 180(107)(2) — 2(10°)(9.81)(6 cos 60°) — 2T(12 cos 60°) = 0 


T = 25095 N = 25.1 kN 


Assembly: 


+1 3K = may; — 2(25095) — 4(10°)(9.81) = 4(10°) a 


a = 2.74m/s? 
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Ans. 


Ans: 
a = 2.74m/s" 
T = 25.1 kN 
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17-30. 


The uniform girder AB has a mass of 8 Mg. Determine the 
internal axial, shear, and bending-moment loadings at the 
center of the girder if a crane gives it an upward acceleration 
of 3 m/s2. 


SOLUTION 
Girder: 


+ 3K, = ma 2T sin 60° — 8000(9.81) = 8000(3) 


y 
T = 59 166.86 N 

Segment: 

55F, = ma,; 59166.86 cos 60° — N = 0 

N = 29.6 kN 


+13F, = ma,; 59166.86 sin 60° — 4000(9.81) + V = 4000(3) 


V=0 Ans. 


C+3Mc = (Mc: M + 4000(9.81)(1) — 59 166.86 sin 60°(2) = —4000(3)(1) 


M =51.2kN-m Ans. 
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Ans: 

N = 29.6 kN 
V=0 

M =51.2kN-m 
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17-31. 


A car having a weight of 4000 Ib begins to skid and turn with 
the brakes applied to all four wheels. If the coefficient of 
kinetic friction between the wheels and the road is pz = 0.8, 
determine the maximum critical height h of the center of 
gravity G such that the car does not overturn. Tipping will 
begin to occur after the car rotates 90° from its original 
direction of motion and, as shown in the figure, undergoes 
translation while skidding. Hint: Draw a free-body diagram 
of the car viewed from the front. When tipping occurs, the 
normal reactions of the wheels on the right side (or passenger 
side) are zero. 


SOLUTION 


Ng represents the reaction for both the front and rear wheels on the left side. 


4000 
32.2 “S 


ESF, = m(ac)};  0.8N4 = 


+ TF, = m(ac); N4 — 4000 = 0 


4000 


G+2My4 = È(Mp)a;  4000(2.5) = z 


(ac)(h) 


Solving, 

Na = 4000 Ib 
ag = 25.76 ft/s? 
h = 3.12 ft 


Ans: 
h = 3.12 ft 
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*17-32. 


A force of P = 300 N is applied to the 60-kg cart. Determine 
the reactions at both the wheels at A and both the wheels 
at B. Also, what is the acceleration of the cart? The mass 
center of the cart is at G. 


SOLUTION 


Equations of Motions. Referring to the FBD of the cart, Fig. a, 


£ SF =mag)x, 300 cos 30° = 60a 


a = 4.3301 m/s? = 4.33 m/s? — 
+Î3F, = m(ag)y; Na + Ng + 300 sin 30° — 60(9.81) = 60(0) 
G+EMg = 0; — Ng (0.2) — N4(0.3) + 300 cos 30°(0.1) 
— 300 sin 30°(0.38) = 0 
Solving Eqs. (1) and (2), 
Na = 113.40 N = 113 N 
Ng = 325.20 N = 325 N 


Ans: 

a = 4.33 m/? — 
Ny = 113 N 

Ng = 325 N 
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17-33. 


Determine the largest force P that can be applied to the 
60-kg cart, without causing one of the wheel reactions, 
either at A or at B, to be zero. Also, what is the acceleration 
of the cart? The mass center of the cart is at G. 


SOLUTION 


Equations of Motions. Since (0.38 m) tan 30° = 0.22 m > 0.1 m, the line of action 
of P passes below G. Therefore, P tends to rotate the cart clockwise. The wheels at A 
will leave the ground before those at B. Then, it is required that N4 = 0. Referring, 
to the FBD of the cart, Fig. a 


+3F, = m(ag)y; Ng + Psin 30° — 60(9.81) = 60(0) (1) 


G+3MG =0; Pos 30°(0.1) — P sin 30°(0.38) + Ng(0.2) = 0 (2) 
Solving Eqs. (1) and (2) 

P = 578.77 N = S79N 

Ng = 299.22 N 
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17-34. 


The trailer with its load has a mass of 150 kg and a center of 
mass at G. If it is subjected to a horizontal force of 
P = 600 N, determine the trailer’s acceleration and the 
normal force on the pair of wheels at A and at B. The 
wheels are free to roll and have negligible mass. 


SOLUTION 


Equations of Motion: Writing the force equation of motion along the x axis, 


5 SF, = mag); 600 = 150a a=4m/s?> 


Using this result to write the moment equation about point A, 
Ç +My = (Mya; 150(9.81)(1.25) — 600(0.5) — Ng(2) = —150(4)(1.25) 
Ng = 1144.69 N = 1.14kN Ans. 
Using this result to write the force equation of motion along the y axis, 
+ÎEF, = m(ag)y; Na + 1144.69 — 150(9.81) = 150(0) 


Ny, = 326.81 N = 327 N 


150(9-B1) N 


Ans: 
a=4m/s* > 
Nz = 1.14kN 
N4 = 327N 
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17-35. 


The desk has a weight of 75 lb and a center of gravity at G. 
Determine its initial acceleration if a man pushes on it with 
a force F = 60 lb. The coefficient of kinetic friction at A 
and B is px, = 0.2. 


SOLUTION 


Ł XF, = ma; 60 cos 30° — 0.2N, — 0.2Ng = is 


32.2 °S 


+T2F, = may, Nag + Ng — 75 — 60 sin 30° = 


G+= Mg = 0; 60 sin 30°(2) — 60 cos 30°(1) — N4(2) + Ng(2) — 0.2N,4(2) 
— 0.2N,(2) =0 
Solving, 
ag = 13.3 ft/s’ 
N, = 44.0 Ib 
Nz = 61.0 lb 


Ans: 
ag = 13.3 ft/s? 
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*17-36. 


The desk has a weight of 75 lb and a center of gravity at G. 
Determine the initial acceleration of a desk when the man 
applies enough force F to overcome the static friction at A 
and B. Also, find the vertical reactions on each of the 
two legs at A and at B. The coefficients of static and kinetic 
friction at A and B are u, = 0.5 and up = 0.2, respectively. 


SOLUTION 


Force required to start desk moving; 


43F.=0; Fcos30° — 0.5N,4 — 0.5Nz = 0 


+T3F, = 0; Na + Ng — Fsin 30° — 75 = 0 
Solving for F by eliminating N4 + Np, 
F = 60.874 Ib 


Desk starts to slide. 


75 
+ 5F, = m(ag)x; 60.874 cos 30° — 0.2N4 — 0.2Ng = 


32.2 °° 


+13, = m(ag)y; Na + Ng — 60.874 sin 30° — 75 = 0 
Solving for a, by eliminating N4 + Np, 


ag = 13.58 = 13.6 ft/s Ans. 


C+3My = >(Mp)a;  Ng(4) — 75(2) — 60.874 cos 30°(3) = Zas) 


Ng = 61.2 1b 


So that 
Nag = 44.2 Ib 


For each leg, 


, 442 
N, =—“ = 221 lb 


Ans: 

ag = 13.6 ft/s? 
Ni, = 22.1 1b 
Nz = 30.6 lb 
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17-37. 


The 150-kg uniform crate rests on the 10-kg cart. Determine 
the maximum force P that can be applied to the handle 
without causing the crate to tip on the cart. Slipping does 
not occur. 


SOLUTION 


Equation of Motion. Tipping will occur about edge A. Referring to the FBD and 
kinetic diagram of the crate, Fig. a, 


G+ My = X(Mg)a; 150(9.81)(0.25) = (150a)(0.5) 

a = 4.905 m/s” 
Using the result of a and refer to the FBD of the crate and cart, Fig. b, 
= LF, = mac)» P = (150 + 10)(4.905) = 784.8 N = 785 N 


oe 
509.8108 150098) N 
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17-38. 


The 150-kg uniform crate rests on the 10-kg cart. Determine 
the maximum force P that can be applied to the handle 
without causing the crate to slip or tip on the cart. The 
coefficient of static friction between the crate and cart is 
H; = 0.2. 


Ti 


TT 


Equation of Motion. Assuming that the crate slips before it tips, then Fy = u, N = 0.2 N. 
Referring to the FBD and kinetic diagram of the crate, Fig. a 


+ 2B, = may, N — 150 (9.81) = 150 (0) N= 14715N 


E SF. = mag); 0.2(1471.5) = 150a a= 1.962 m/s 


G+ My, = (Ma; 150(9.81)(x) = 150(1.962)(0.5) 
x =01m 


Since x = 0.1 m < 0.25 m, the crate indeed slips before it tips. Using the result of a 
and refer to the FBD of the crate and cart, Fig. b, 


LSE. = mag) P = (150 + 10)(1.962) = 313.92N =314N Ans. 


a 
oe 


50¢9.6)N Te G0C9-81)N 
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17-39. 


The bar has a weight per length w and is supported by the 
smooth collar. If it is released from rest, determine the 
internal normal force, shear force, and bending moment in 
the bar as a function of x. 


SOLUTION 


Entire bar: 


l 
ZF, = m(lag)k'; wl cos 30° = Tao) 


ag = g cos 30° 


Segment: 
ee 


N = (wx cos 30°) sin 30° = 0.433wx i = LA. zh 
on 
á 


s = m(ag)y; wx — V = wx cos 30°(cos 30°) 


V = 0.25wx 


Ç+ÈM;s = X(My)s; w(2) — M = wx cos 30°(cos 30°(5) 


Toa Me 
M = 0.125wx? 3o 


28g #93 30") 


Ans: 

N = 0.433wx 
V = 0.25wx 
M = 0.125wx? 
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*17-40. 


The smooth 180-lb pipe has a length of 20 ft and a negligible 
diameter. It is carried on a truck as shown. Determine the 
maximum acceleration which the truck can have without 
causing the normal reaction at A to be zero. Also determine 
the horizontal and vertical components of force which the 
truck exerts on the pipe at B. 


SOLUTION 


{SE 


C+M; = X(M)s; souo) = > an(t0( $) 


Solving, 
B, = 432 Ib 
, = 180 1b 
= 77.3 ft/s’ 
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Ans: 

B, = 432 Ib 
B, = 180 Ib 
ar = 77.3 ft/s? 
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17-41. 


The smooth 180-lb pipe has a length of 20 ft and a negligible 
diameter. It is carried on a truck as shown. If the truck 
accelerates at a = 5 ft/ s*, determine the normal reaction at 
A and the horizontal and vertical components of force 
which the truck exerts on the pipe at B. 


SOLUTION 


+TEK = 
Ç+ Mp = S(M,)z: ~180(10( 2) + N,4(13) = -E 10( 3) 
Solving, 

B, = 73.9 Ib 

B, = 69.7 lb 

N, = 120 1b 


1301h 


aag 

43 ñl z 

bz K ai £ Na B 
& 


J 


Ans: 

B, = 73.9 |b 
B, = 69.7 Ib 
N4 = 120 1b 
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17-42. 


The uniform crate has a mass of 50 kg and rests on the cart 
having an inclined surface. Determine the smallest 
acceleration that will cause the crate either to tip or slip 
relative to the cart. What is the magnitude of this 
acceleration? The coefficient of static friction between the 
crate and the cart is u, = 0.5. 


SOLUTION 


Equations of Motion: Assume that the crate slips, then Fy = us N = 0.5N. 


G+5M, = 5(M)a:  50(9.81) cos 15°(x) — 50(9.81) sin 15°(0.5) 


= 50a cos 15°(0.5) + 50a sin 15°(x) 


+72 F, = m(ag)y 5 N — 50(9.81) cos 15° = —50a sin 15° 


N+ 2 Fy = m(ag)y 3 50(9.81) sin 15° — 0.5N = —50a cos 15° 
Solving Eqs. (1), (2), and (3) yields 


N = 447.81N x= 0.250m 
a = 2.01 m/s? 


Since x < 0.3 m, then crate will not tip. Thus, the crate slips. 


Ans: 
a = 2.01 m/s* 
The crate slips. 
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17-43. 


Determine the acceleration of the 150-Ilb cabinet and the 
normal reaction under the legs A and B if P = 35 lb. The 
coefficients of static and kinetic friction between the 
cabinet and the plane are w,=0.2 and p, = 0.15, 
respectively. The cabinet’s center of gravity is located at G. 


SOLUTION 


Equations of Equilibrium: The free-body diagram of the cabinet under the static 
condition is shown in Fig. a, where P is the unknown minimum force needed to move 
the cabinet. We will assume that the cabinet slides before it tips. Then, 
Fa = uNa = 0.2N, and Fg = u,Npg = 0.2N p. 


5 YF, = 0; P — 02N; — 0.2Ng = 0 a) 


+Î EF, = 0; Na + Nz - 150 =0 (2) 


+=M, = 0; N,(2) — 150(1) — P(4) = 0 (3) 


Solving Eqs. (1), (2), and (3) yields 

P = 301b Na, = 151b Nz = 135 lb 

Since P < 35 lb and N, is positive, the cabinet will slide. 

Equations of Motion: Since the cabinet is in motion, F4 = uN 4 = 0.15N, and 


Fg = ukNp = 0.15N p. Referring to the free-body diagram of the cabinet shown in 
Fig. b, 


150 


= m(ag)x; Na+ Ng- 150 =0 (5) 
+35Mg = 0; Ng(1) — 0.15N,(3.5) — 0.15N 4(3.5) — N4(1) — 35(0.5) =0 (6) 
Solving Eqs. (4), (5), and (6) yields 

a = 2.68 ft/s? 


N 4 = 26.9 lb Np = 123 lb 


833 


k—1 ae ft— 


a = 2.68 ft/s? 
N, = 26.9 lb 
Ng = 123 1b 
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*17-44, 


The uniform bar of mass m is pin connected to the collar, 
which slides along the smooth horizontal rod. If the collar is 
given a constant acceleration of a, determine the bar’s 
inclination angle 6. Neglect the collar’s mass. 


SOLUTION 


Equations of Motion: Writing the moment equation of motion about point A, 


L L 
+2M4 = (Mpa; mgsin (5) = macos i 


0 = an (4) 
g 
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17-45. 


The drop gate at the end of the trailer has a mass 
of 1.25 Mg and mass center at G. If it is supported by the 
cable AB and hinge at C, determine the tension in the cable 
when the truck begins to accelerate at 5 m/s”. Also, what 
are the horizontal and vertical components of reaction at 
the hinge C? 


SOLUTION 
G+ Me = È(M,)c; T sin 30°(2.5) — 12 262.5(1.5 cos 45°) = 1250(5)(1.5 sin 45°) 


T = 15 708.4N = 15.7kN Ans. 
m(ag)x;  —Cy + 15 708.4 cos 15° = 1250(5) 
C, = 8.92 kN 
= m(ac); C, — 12.262.5 — 15 708.4 sin 15° = 0 
Cy = 16.3 kN 


Ans: 

T = 15.7kKN 
C, = 8.92 kN 
C, = 16.3 kN 
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17-46. 


The drop gate at the end of the trailer has a mass of 1.25 Mg 
and mass center at G. If it is supported by the 
cable AB and hinge at C, determine the maximum 
deceleration of the truck so that the gate does not begin to 
rotate forward. What are the horizontal and vertical 
components of reaction at the hinge C? 


SOLUTION 
ÇH Mce = (Mc; —12 262.5(1.5 cos 45°) = —1250(a)(1.5 sin 45°) 
a = 9.81 m/s 


5 5F, = mag)x3 C, = 1250(9.81) 


C, = 12.3 kN 
+f 35, = m(ag)y; Cy — 12 262.5 = 0 


C, = 12.3 kN 
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17-47. 


The snowmobile has a weight of 250 Ib, centered at G4, while 
the rider has a weight of 150 lb, centered at G». If the 
acceleration is a = 20 ft/s”, determine the maximum height h 
of G, of the rider so that the snowmobile’s front skid does not 
lift off the ground. Also, what are the traction (horizontal) 
force and normal reaction under the rear tracks at A? 


SOLUTION 


Equations of Motion: Since the front skid is required to be on the verge of lift off, 
Nz = 0. Writing the moment equation about point A and referring to Fig. a, 


150 250 
55 720M Pinas) + 55 5 (20)(1) 


Imax = 3.163 ft = 3.16 ft Ans. 


G+3M,=(M)a;  250(1.5) + 150(0.5) = 


Writing the force equations of motion along the x and y axes, 


150 
32.2 


250 
32.2 20) 


F, = 248.45 lb = 248 lb 


+ =F, = m(ag)x ; Fa 


(20) 4 


= m(ag)y; Na — 250 — 150 = 0 


N, = 400 1b 


Ans: 

h max = 3-16 ft 
F, = 248 Ib 
N, = 400 Ib 


837 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*17-48. 


The snowmobile has a weight of 250 Ib, centered at G4, while 
the rider has a weight of 150 lb, centered at G3. If h = 3 ft, 
determine the snowmobile’s maximum permissible 
acceleration a so that its front skid does not lift off the 
ground. Also, find the traction (horizontal) force and the 
normal reaction under the rear tracks at A. 


SOLUTION 


Equations of Motion: Since the front skid is required to be on the verge of lift off, 
Nz = 0. Writing the moment equation about point A and referring to Fig. a, 


G+ 2M, = (Mpa; 250(1.5) + 150(0.5) = (= ana J) + E ana JO) 


amax = 20.7 ft/s? Ans. 


Writing the force equations of motion along the x and y axes and using this result, 
we have 


150 250 
EEF, = m(acg)}; Fa= 359 (20-7) + S55 (20.7) 


F, = 257.14 lb = 257 lb 


+T3F, = m(ag)y; Na — 150 — 250 = 0 


N4 = 400 lb 


Ans: 

Amax = 20.7 ft/s? 
F, = 257 lb 

N, = 400 Ib 
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17-49. 


If the cart’s mass is 30 kg and it is subjected to a horizontal 
force of P = 90 N, determine the tension in cord AB and 
the horizontal and vertical components of reaction on end 
C of the uniform 15-kg rod BC. 


SOLUTION 


Equations of Motion: The acceleration a of the cart and the rod can be determined 
by considering the free-body diagram of the cart and rod system shown in Fig. a. 


5 YF, = m(ag)x: 90 = (15 + 30)a a = 2m/s’ 


The force in the cord can be obtained directly by writing the moment equation of 
motion about point C by referring to Fig. b. 


+ 2Mc = (M); — Fagsin30°(1) — 15(9.81) cos 30°(0.5) = —15(2) sin 30°(0.5) 
Fag = 11244N = 112N Ans. 
Using this result and applying the force equations of motion along the x and y axes, 
YF, = m(ag); ~C, + 112.44 sin 30° = 15(2) 
C, = 26.22 N = 26.2 N 
+ÎEF, = m(ag)y; C, + 112.44 cos 30° — 15(9.81) = 0 


C, = 49.78 N = 49.8 N 


30G31)N 
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Ans: 

Fag = 112N 
C, = 26.2N 
C, = 49.8N 
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17-50. 


If the cart’s mass is 30 kg, determine the horizontal force P 
that should be applied to the cart so that the cord AB just 
becomes slack. The uniform rod BC has a mass of 15 kg. 


SOLUTION 


Equations of Motion: Since cord AB is required to be on the verge of becoming 
slack, F 4g = 0.The corresponding acceleration a of the rod can be obtained directly 
by writing the moment equation of motion about point C. By referring to Fig. a. 


+3Mc = =(Mo)a; —15(9.81) cos 30°(0.5) = —15a sin 30°(0.5) 
a = 16.99 m/s” 


Using this result and writing the force equation of motion along the x axis and 
referring to the free-body diagram of the cart and rod system shown in Fig. b, 


(4)=F, = mac); P = (30 + 15)(16.99) 


= 764.61N = 765N 


[5C9.8I)N 
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17-51. 


The pipe has a mass of 800 kg and is being towed behind the 
truck. If the acceleration of the truck is a, = 0.5 m/s’, 
determine the angle @ and the tension in the cable. The 
coefficient of kinetic friction between the pipe and the 
ground is ug = 0.1. 


SOLUTION 


5 5F,= ma;  —0.1Nç + T cos 45° = 800(0.5) 


+T=F,= may; Nc — 800(9.81) + T sin 45° = 0 
G+EMg = 0; —0.1N¢(0.4) + T sin $(0.4) = 0 
Nc = 6770.9N 
T = 1523.24N = 1.52kN 


___ 0.1(6770.9) Seas 
sin $ = 7553.94 p = 26. 


0 = 45° — = 18.6° 


Ans: 
T = 1.52 kN 
0 = 18.6° 
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*17-52. 


The pipe has a mass of 800 kg and is being towed behind a 
truck. If the angle 6 = 30°, determine the acceleration of the 
truck and the tension in the cable. The coefficient of kinetic 
friction between the pipe and the ground is uw, = 0.1. 


SOLUTION 


4.F,=ma,; T cos 45° — 0.1N¢ = 800a 


+ÎEF, = may; Nc — 800(9.81) + T sin 45° = 0 


C+=Mg = 0; T sin 15°(0.4) — 0.1N¢(0.4) = 0 
Nc = 6161 N 
T = 2382 N = 2.38kN 


a = 1.33 m/s? 


Ans: 
T = 2.38kN 
a = 1.33 m/s" 
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17-53. 


The crate C has a weight of 150 lb and rests on the truck 
elevator for which the coefficient of static friction is 
bts = 0.4. Determine the largest initial angular acceleration 
a, Starting from rest, which the parallel links AB and DE 
can have without causing the crate to slip. No tipping occurs. 


SOLUTION 


150 


(a) cos 30° 


150. 
Nc — 150 = 302 (a) sin 30 


Nc = 195.0 Ib 


a = 19.34 ft/s? 


19.34 = 2a 


a = 9.67 rad/s? 


Ans: 
a = 9.67 rad/s” 
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17-54. 


The crate C has a weight of 150 lb and rests on the truck 
elevator. Determine the initial friction and normal force of 
the elevator on the crate if the parallel links are given an 
angular acceleration a = 2 rad/s” starting from rest. 


SOLUTION 
a = 2rad/s* 


a = 2a = 4rad/s* 


150 


c= 309 © cos 30 


= ma,; Nea" Gy saa 
= may; a = 377 a) sin 
Fo = 16.1 lb 
Nc = 159 Ib 


844 
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Ans: 
Fo = 16.1 lb 
Nc = 159 Ib 
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17-55. 


The 100-kg uniform crate C rests on the elevator floor 
where the coefficient of static friction is pu, = 0.4. 
Determine the largest initial angular acceleration a, 
starting from rest at 0 = 90°, without causing the crate 
to slip. No tipping occurs. 


SOLUTION 


Equations of Motion. The crate undergoes curvilinear translation. At 0 = 90°, 
w = 0. Thus, (ag), = w’r = 0. However; (ag), = ar = a(1.5). Assuming that the 
crate slides before it tips, then, Fy = uN = 0.4N. 


SF, = m(ag);  100(9.81) — N = 10010) N = 981N 
XF, = mac),  0.4(981) = 100[a(1.5)] aw = 2.616 rad/s” = 2.62 rad/s? Ans. 
C+ Mg =0; —0.4(981)(0.6) — 981(x) = 0 

x = 0.24m 


Since x < 0.3 m, the crate indeed slides before it tips, as assumed. 


100(9-81) N 
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Ans: 
a = 2.62 rad/s? 
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*17-56. 


The two uniform 4-kg bars DC and FF are fixed (welded) 
together at E. Determine the normal force Ng, shear force Vg, 
and moment Mg, which DC exerts on EF at E if at the 
instant 0 = 60° BC has an angular velocity w = 2 rad/s and 
an angular acceleration a = 4 rad/s? as shown. 


SOLUTION 


Equations of Motion. The rod assembly undergoes curvilinear motion. Thus, 
(ag), = ar = 4(2) = 8 m/s? and (ag), = œr = (27)(2) = 8 m/s’. Referring to the yf a= 2 rad/s 
FBD and kinetic diagram of rod EF, Fig. a . r 


a = 4 rad /3? 


SF = m(ag)x; Vg = 4(8) cos 30° + 4(8) cos 60° 
= 43.71 N = 43.7 N 
+Î2F, = m(ag)y; Ng — 4(9.81) = 4(8) sin 30° — 4(8) sin 60° 
Ng = 27.53 N = 27.5 N 
G+ Mr = 3(M,)e3 Mpg = 4(8) cos 30°(0.75) + 4(8) cos 60°(0.75 ) 
= 32.78 N: m = 32.8N-m 


Ans: 

Vg = 43.7 N 

Ng = 27.5 N 
Mg = 32.8N:m 
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17-57. 


The 10-kg wheel has a radius of gyration k4 = 200 mm. If 
the wheel is subjected toa moment M = (5t) N +m, where t 
is in seconds, determine its angular velocity when t = 3s 
starting from rest. Also, compute the reactions which the 
fixed pin A exerts on the wheel during the motion. 


SOLUTION 


5 YF, = m(ag)3 =0 


x 


+ TSF, = m(ag)y; A, — 10(9.81) = 0 


Č + EM; = l,a; 5t = 10(0.2)"a 


dw 
= — = 12.5t 
se dt 


3 
` 12.5 
= I 12.5t dt = —~(3)° 
o 2 


w = 56.2 rad/s 
x=0 


Ay = 98.1N 


Ans: 

w = 56.2 rad/s 
A, =0 

A, = 98.1N 
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17-58. 


The uniform 24-kg plate is released from rest at the position 
shown. Determine its initial angular acceleration and the 
horizontal and vertical reactions at the pin A. 


SOLUTION 


Equations of Motion. The mass moment of inertia of the plate about its center of 


1 
gravity G is Ig = 7p (24) (0.97 + 0.5?) = 1.00 kg: m°. Since the plate is at rest 


initially œ = 0. Thus, (ag), = w’rg = 0. Here rg = V0.25* + 0.257 = 0.25V2 m. 


Thus, (ag); = erg = a(0.25-V2). Referring to the FBD and kinetic diagram of 
the plate, 


C+3My = (Mp)a; —24(9.81)(0.25) = —24[ a(0.25V2)] (0.25V2) — 1.000 
a = 14.715 rad/s? = 14.7 rad/s” Ans. 


Also, the same result can be obtained by applying &M, = [4a where 
1 
L = y 900.5 + 0.5?) + 24(0.25V2)? = 4.00 kg- m°: 


G+5M4 = Ina; —24(9.81)(0.25) = —4.00 æ 

a = 14.715 rad/s? 
ESF, = m(ag); Ay = 24[14.715(0.25V/2)] cos 45° = 88.29 N = 88.3N Ans. 
+1Î5F, = m(ac); A, — 24(9.81) = —24|14.715(0.25V/2)] sin 45° 

A, = 147.15N = 147 N 


Mia), =O 
& z O25AuMN 


MGs), =24 (A (0.2642,)] 


Ans: 

a = 14.7 rad/s? 
A, = 88.3N 
A, = 147N 
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17-59. 


The uniform slender rod has a mass m. If it is released from 
rest when 0 = 0°, determine the magnitude of the reactive 
force exerted on it by pin B when 0 = 90°. 


SOLUTION 


Equations of Motion: Since the rod rotates about a fixed axis passing through point 


L L 
B, (ag); = arg = (4) and (ag), = wg = (£), The mass moment of inertia 


: : 1 or ; : 
of the rod about its G is Ig = prr- Writing the moment equation of motion about 


point B, 


+2Mpg = =(Mx)z; -mg cose( =) = mla(Z) (=) (fm? a 


a= E 608 4 


1 
This equation can also be obtained by applying 2M g = Iga, whereI g = D mL? + 


1 
gn. Thus, 


L 
+= Mz = Iza; -mg coso( = 


a= 5) 0088 


Using this result and writing the force equation of motion along the n and t axes, 


r/ 3g E 
mg cos — B, = m| (Z£ coso (£) 


3 
B, = ane cos 0 


=F, = m(ac)s; 


LF, = m(ag); B, — mgsin@ = m 
1 5 : 
B; = a L + mgsin@ 


Kinematics: The angular velocity of the rod can be determined by integrating 


3 
When 0 = 90°,w = , > Substituting this result and 0 = 90° into Eqs. (1) and (2), 


3 
B, = ans cos 90° = 


1 (38 3 
— = + oO = 
B m( T. Jo mg sin 90 78 


Das gan | 3 2 3 
Fa = VA?+ Ak = 4/0? 4 ($ne) = ams 
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*17-60. 


The bent rod has a mass of 2 kg/m. If it is released from rest 
in the position shown, determine its initial angular 
acceleration and the horizontal and vertical components of 
reaction at A. 


SOLUTION 


Equations of Motion. Referring to Fig. a, the location of center of gravity G of the 
bent rod is at 


_ Sem _ 2[0.75(1.5)(2)] + 1.5(2)(1.5) 
“Sm 3(1.5)(2) 


1.00 m 


= AS 
= TS 
Te m 


The mass moment of inertia of the bent rod about its center of gravity is 


Ig =2 3 NLS") 3(0.25? 4 079) 5 (3)(1.52) + 3(0.52)| = 6.1875 kg- m?. 


Here, rg = V 1.00? + 0.75? = 1.25 m. Since the bent rod is at rest initially, œ = 0. 
Thus, (ag), = w’rg = 0. Also, (ag), = arg = a(1.25). Referring to the FBD and 
kinetic diagram of the plate, 


C+3M, = (Mda; 9(9.81)(1) = 9fe(1.25)](1.25) + 6.1875 æ 


a = 4.36 rad/s? 5 Ans. 
Also, the same result can be obtained by applying 2M, = Iya where 


i= 5905) + 3(0.752) + ZOU) + 3(1.5? + 0.75?) 


1 
+ pou) + 3(1.5? + 0.757) = 20.25 kg: m°: 
G+ EM, = Ia, 9(9.81)(1) = 20.25a = a = 4.36 rad/s” 


$ SF, = mlao) A= sja36c1.251(2) = 29.43 N = 29.4 N 


+1Î2F, = m(ag); 4, — 9(9.81) = -914.36¢1.25)(£) 


Ay, = 49.05 N = 49.1N 


Ans: 

a = 4.36 rad/s” 5 
A, = 29.4N 

A, = 49.1N 
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17-61. 


If a horizontal force of P = 100 N is applied to the 300-kg 
reel of cable, determine its initial angular acceleration. 
The reel rests on rollers at A and B and has a radius of 
gyration of ko = 0.6 m. 


SOLUTION 


Equations of Motions. The mass moment of inertia of the reel about O is 
Io = Mk% = 300(0.67) = 108 kg: m°. Referring to the FBD of the reel, Fig. a, 


G+ Mo =Ioa;  —100(0.75) = 108(—a) 
a = 0.6944 rad/s? 
= 0.694 rad/s? 


30009-81) 


Ans: 
a = 0.694 rad/s? 
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17-62. 


The 10-Ib bar is pinned at its center O and connected to a 
torsional spring. The spring has a stiffness k = 5 1b- ft/rad, so 
that the torque developed is M = (50) lb-ft, where 6 is in 
radians. If the bar is released from rest when it is vertical at 
0 = 90°, determine its angular velocity at the instant 0 = 0°. 


SOLUTION 


=Mo = Ioa; 


— 48.30 = «a 


a d0 = w dw 


- [83000 | w dw 
7 0 


483 7, 13 
2 (9) = 3° 


w = 10.9 rad/s 


Ans: 
w = 10.9 rad/s 
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17-63. 


The 10-lb bar is pinned at its center O and connected to a 
torsional spring. The spring has a stiffness k = 5 lb- ft/rad, so 
that the torque developed is M = (50) lb-ft, where 0 is in 
radians. If the bar is released from rest when it is vertical at 
0 = 90°, determine its angular velocity at the instant 0 = 45°. 


SOLUTION 


10 


C+3Mo= loa; 50 = GOl 


— 48.30 


a dh = w dw 


- [ssa f wde 
z 0 


= 24.1s( (2? 2 @) = ; 


w = 9.45 rad/s 
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Ans: 
w = 9.45 rad/s 
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*17-64. 


A cord is wrapped around the outer surface of the 8-kg disk. 
If a force of F = (40°) N, where @ is in radians, 
is applied to the cord, determine the disk’s angular 
acceleration when it has turned 5 revolutions. The disk has 
an initial angular velocity of wọ = 1 rad/s. 


SOLUTION 


Equations of Motion. The mass moment inertia of the disk about O is 
1 1 
Io = 5 mr? = 5 (8)(0.37) = 0.36 kg- m?. Referring to the FBD of the disk, Fig. a, 


G+ Mo = Ip a; G P )03) = 0.36 a 


a = (0.2083 6?) rad/s? 


Kinematics. Using the result of a, integrate wdw = ad6@ with the initial condition 


w = 0 when 0 = 0, 
w 5(27) 
f wdw = | 0.2083 0? d0 
1 0 


1 5(27) 
Go — 1) = 0.06944 6° 
2 0 


w = 65.63 rad/s = 65.6 rad/s 


854 


Ans: 
w = 65.6 rad/s 
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17-65. 


Disk A has a weight of 5 Ib and disk B has a weight of 10 Ib. 
If no slipping occurs between them, determine the couple a = 4rad/s? 


aN 
A 


moment M which must be applied to disk A to give it an 
angular acceleration of 4 rad/s”. 


k 


SOLUTION 


Disk A: 
C+2M4=I4aq; M- Fp(0.5) = ESOO 


Disk B: 
+=Mp=Ipag; Fp (0.75) = 3 (35 075° Jen 
2 \32.2 
raQa = rpQp 
0.5(4) = 0.75az 
Solving: 
= 2.67 rad/s’; Fp = 0.311 lb 


= 0.233 1b - ft 


Ans: 
M = 0.233 Ib: ft 
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17-66. 


The kinetic diagram representing the general rotational 
motion of a rigid body about a fixed axis passing through O 
is shown in the figure. Show that Jg@ may be eliminated by 
moving the vectors m(ag), and m(açg)n to point P, located a 
distance rop = k&/rog from the center of mass G of the 
body. Here kg represents the radius of gyration of the body 
about an axis passing through G. The point P is called the 
center of percussion of the body. 


SOLUTION 
Mag): tog + Iga = mag); tog + (mkz;)a 
However, 


(ac), 


TOG 


Tog "GP anda = 


d 


= m(ac):(roG + rep) Q.E.D. 


m(ac) rog + Iga = m(ag) rog + (mrog roo)| 


Ans: 
m(ag):tog + Iga = m(ag)(roc + rap) 
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17-67. 


If the cord at B suddenly fails, determine the horizontal 
and vertical components of the initial reaction at the 
pin A, and the angular acceleration of the 120-kg beam. 
Treat the beam as a uniform slender rod. 


SOLUTION 

Equations of Motion. The mass moment of inertia of the beam about A is I, = 
1 

pEr) + 120(27) = 640 kg: m°. Initially, the beam is at rest, œ = 0. Thus, 


(ag), = œ r = 0. Also, (ag), = arg = a(2) = 2a. Referring to the FBD of the 
beam, Fig. a 


G+ 3M, = Ipa;  800(4) + 120(9.81)(2) = 640 a 
a = 8.67875 rad/s” = 8.68 rad/s” 

ZF, = mach; A = 0 

LF, = m(ag);3 800 + 120(9.81) + A, = 120[2(8.67875)] 
A, = 105.7N = 106N 


Boon [20(9B1)N 


an 
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Ans: 

a = 8.68 rad/s” 
A, =0 

A, = 106N 
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*17-68. 


The device acts as a pop-up barrier to prevent the passage 
of a vehicle. It consists of a 100-kg steel plate AC and a 
200-kg counterweight solid concrete block located as 
shown. Determine the moment of inertia of the plate and 
block about the hinged axis through A. Neglect the mass of 
the supporting arms AB. Also, determine the initial angular 
acceleration of the assembly when it is released from rest at 
0 = 45°. 


SOLUTION 


Mass Moment of Inertia: 


Ia = = (100)(1.25?) + 100(0.625°) 


+ Z 200)(0.5 + 0.3?) + 200(V0.75 + 0.157)? 


mots PY 
= 174.75 kg: m° = 175 kg: m? 


Equation of Motion: Applying Eq. 17-16, we have 
G+ iM, = Iya; 100(9.81)(0.625) + 200(9.81) sin 45°(0.15) 
—200(9.81) cos 45°(0.75) = —174.75a@ 


a = 1.25 rad/s? 


Ans: 
I, = 175 kg: m? 
a = 1.25 rad/s” 
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17-69. 


The 20-kg roll of paper has a radius of gyration k , = 90 mm 
about an axis passing through point A. It is pin supported at 
both ends by two brackets AB. If the roll rests against a wall 
for which the coefficient of kinetic friction is u, = 0.2 and a 
vertical force F = 30 N is applied to the end of the paper, 
determine the angular acceleration of the roll as the paper 
unrolls. 


SOLUTION c > 


É SF, = mag); Ne — Tap cos 67.38° = 0 
+Î5F, =m(ag)y; Tag sin 67.38° — 0.2Nc — 20(9.81) — 30 = 0 
Č+5M, = Ihe: —0.2Nc(0.125) + 30(0.125) = 20(0.09)?a 
Solving: 
Nc = 103 N 
Tag = 267N 

a = 7.28 rad/s” 


Ans: 
a = 7.28 rad/s? 


859 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


17-70. 


The 20-kg roll of paper has a radius of gyration k , = 90 mm 
about an axis passing through point A. It is pin supported at 
both ends by two brackets AB. If the roll rests against a wall 
for which the coefficient of kinetic friction is u, = 0.2, 
determine the constant vertical force F that must be applied 
to the roll to pull off 1 m of paper in t= 3 s starting from rest. 
Neglect the mass of paper that is removed. 


SOLUTION 


1) 5s =s 


1 
1=0+0+ A 


ac = 0.222 m/s? 


= “C__ 1778 rad/s? 
0.125 7 


+, EF, = m(agy); Nc — Typ cos 67.38° = 0 
+f SF, = m(ag);; Tag Sin 67.38° — 0.2Nc — 20(9.81) — F = 0 
C+ ÈM, = Iho; —0.2Nc(0.125) + F(0.125) = 20(0.09)(1.778) 
2049.71) ) 
Solving: 
Nc = 99.3 N 
Tap = 258N 


F=22.1N 
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17-71. 


The reel of cable has a mass of 400 kg and a radius of 
gyration of k, = 0.75 m. Determine its angular velocity 


when ¢ = 2s,starting from rest, if the force P = (207 + 80)N, 
when fis in seconds. Neglect the mass of the unwound cable, 
and assume it is always at a radius of 0.5 m. 


SOLUTION 


Equations of Motion. The mass moment of inertia of the reel about A is 


I, = Mk, = 400(0.757) = 225kg-m*. Referring to the FBD of the reel, Fig. a 


G+EM, = Iya; —(20t7 + 80)(0.5) = 225(—a) 
a= Ze + 4) rad/s? 


Kinematics. Using the result of a, integrate dw = adt, with the initial condition w = 0 
att = 0, 


25 9 
made 2 
I 2 (etaa 


0.4741 rad/s = 0.474 rad/s 


P-20ot>+ 820 
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Ans: 
w = 0.474 rad/s 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*17-72. 


The 30-kg disk is originally spinning at w = 125 rad/s. If it 
is placed on the ground, for which the coefficient of kinetic 
friction is uc = 0.5, determine the time required for the 
motion to stop. What are the horizontal and vertical 
components of force which the member AB exerts on the 
pin at A during this time? Neglect the mass of AB. 


SOLUTION 


Equations of Motion. The mass moment of inertia of the disk about B is 
Ig = xm? = 5(30)(03?) = 1.35 kg: m°. Since it is required to slip at C, 
Fy = ucNc = 0.5 Nc. Referring to the FBD of the disk, Fig. a, 
+ ZF, = m(ag); 0.5Nc — Fag cos 45° = 30(0) 
+f XE, = m(ag)y; Nc — Fig sin 45° — 30(9.81) = 30(0) 
Solving Eqs. (1) and (2), 
Nc = 588.6 N Fug = 416.20 N 
Subsequently, 
G+ = Mg = Iga; 0.5(588.6)(0.3) = 1.35a 
a = 65.4rad/s* 5 
Referring to the FBD of pin A, Fig. b, 
+, DF, = 0; 416.20 cos 45° — A, 
+12F,=0; 416.20 sin 45° — A, 


Kinematic. Using the result of a, 


+20 = o + at; 0 = 125 + (-65.4)t 
t= 1.911 s = 1.91s 


3009-B1)N 
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hi = 125 rad/s 
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17-73. 


Cable is unwound from a spool supported on small rollers 
at A and B by exerting a force T = 300 N on the cable. 
Compute the time needed to unravel 5 m of cable from the 
spool if the spool and cable have a total mass of 600 kg and 
a radius of gyration of kọ = 1.2 m. For the calculation, 
neglect the mass of the cable being unwound and the mass 
of the rollers at A and B. The rollers turn with no friction. 


SOLUTION 
Io = mk?, = 600(1.2)? = 864 kg m? 
C+ Mo = loa; 300(0.8) = 864(a) «œ = 0.2778 rad/s” 


5 
The angular displacement 0 = _ 08 6.25 rad. 
r : 


1 2 
0=0) + wor + zed 


1 
6.25=0+0+ 3027778)? 


t= 6.71s 


863 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


17-74. 


The 5-kg cylinder is initially at rest when it is placed in 
contact with the wall B and the rotor at A. If the rotor 
always maintains a constant clockwise angular velocity 
w = 6 rad/s, determine the initial angular acceleration of 
the cylinder. The coefficient of kinetic friction at the 
contacting surfaces B and C is yp, = 0.2. 


SOLUTION 


Equations of Motion: The mass moment of inertia of the cylinder about point O is 
1 1 
given by Io ==mr’ = a (5)(0.125°) = 0.0390625 kg: m°. Applying Eq. 17-16, 


2 
we have 


5 5F, = m(ag)x; Npg + 0.2N, cos 45° — Nasin 45° = 0 (1) 


+1 ZF, = m(ag)y;  0.2Ng + 0.2N, sin 45° + N4 cos 45° — 5(9.81)=0 2) 


G+EMo = Ioa; 0.2N4 (0.125) — 0.2Np (0.125) = 0.0390625a 
Solving Eqs. (1), (2), and (3) yields; 
N4 =51.01N Ng = 28.85N 


a = 14.2 rad/s” 


864 


Ans: 
a = 142 rad/s” 
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17-75. 


The wheel has a mass of 25 kg and a radius of gyration 
kpg = 0.15 m. It is originally spinning at w = 40 rad/s. If it is 
placed on the ground, for which the coefficient of kinetic 
friction is wc = 0.5, determine the time required for the 
motion to stop. What are the horizontal and vertical 
components of reaction which the pin at A exerts on AB 
during this time? Neglect the mass of AB. 


SOLUTION 
Ip = mkh = 25(0.15)? = 0.5625 kg * m? 
+T=F,=m(ag)y; ($) Fas + Ne — 25(9.81) = 0 
4 SF, = m(dg)x; 0.5Nc — (2) Fas =0 
G+2M, = Iga;  0.5Nc(0.2) = 0.5625(—a) 
Solvings Eqs. (1),(2) and (3) yields: 

Fag = 111.48N Nc=178.4N 

a = —31.71 rad/s? 


= $F 4g = 0.8(111.48) = 89.2 N 


A, 
A, = 2F 4g = 0.6(111.48) = 66.9 N 


w = wo + act 
0 = 40 + (—31.71)t 


t= 1.26s 
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*17-76. 


The 20-kg roll of paper has a radius of gyration 
k4 =120 mm about an axis passing through point A. It is pin 
supported at both ends by two brackets AB. The roll rests 
on the floor, for which the coefficient of kinetic friction is 
HL, = 0.2. If a horizontal force F= 60 N is applied to the end 
of the paper, determine the initial angular acceleration of 
the roll as the paper unrolls. 


SOLUTION 


Equations of Motion. The mass moment of inertia of the paper roll about A is 
I, = mk, = 20(0.127) = 0.288 kg: m’. Since it is required to slip at C, the friction is 
Fy = uN = 0.2 N. Referring to the FBD of the paper roll, Fig. a 


4 
$ SF, = mag) 02N — Fag (5 + 60 = 20(0) (1) 


+7 $F, = m(ag)y; N — Fag (2) — 20(9.81) = 20(0) 
Solving Eqs. (1) and (2) 
Fag = 145.94 N N = 283.76 N 
Subsequently 
G+ My = Iya; 0.2(283.76)(0.3) — 60(0.3) = 0.288(—a) 
a = 3.3824 rad/s” = 3.38 rad/s” 


Z0(G- BN 


Ans: 
a = 3.38 rad/s” 
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17-77. 


Disk D turns with a constant clockwise angular velocity of 
30 rad/s. Disk E has a weight of 60 Ib and is initially at rest 
when it is brought into contact with D. Determine the time 
required for disk Æ to attain the same angular velocity as 
disk D. The coefficient of kinetic friction between the two 
disks is u = 0.3. Neglect the weight of bar BC. 


SOLUTION 


Equations of Motion: The mass moment of inertia of disk E about point B is given 


1 1/ 60 
by Iş = 7 mr = 7 (£ a = 0.9317 slug - ft”. Applying Eq. 17-16, we have 


5 YF, = m(ag)x; 0.3N — Fgc cos 45° = 0 () 


+Î EF, = m(ag)y; N — Fac sin 45° — 60 = 0 (2) 


Ç +ÈEMo = Iga; 0.3N(1) = 0.9317a (3) 
Solving Eqs. (1), (2) and (3) yields: 
Fec = 36.37lb N = 85.71lb a = 27.60 rad/s” 
Kinematics: Applying equation w = wo + aœ, we have 
(G+) 30 = 0 + 27.60¢ 
t = 1.09s 
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17-78. 


Two cylinders A and B, having a weight of 10 lb and 5 |b, 
respectively, are attached to the ends of a cord which passes 
over a 3-lb pulley (disk). If the cylinders are released from 
rest, determine their speed in t = 0.5 s. The cord does not 
slip on the pulley. Neglect the mass of the cord. Suggestion: 
Analyze the “system” consisting of both the cylinders and 
the pulley. 


SOLUTION 


Equation of Motion: The mass moment of inertia of the pulley (disk) about point O 


bat 1 , 1f 3 

is given by Io = gS || Sam 
a a . : 

a= Ag g5 APPIYINg Eq. 17-16, we have 


(075%) = 0.02620 slug: ft. Here, a = ar or 


Ç+5Mo = loa;  5(0.75) — 10(0.75) = -0.02620( 54) 


7 (335 )a {079 7 (£ 
a = 9.758 ft/s? 


Kinematic: Applying equation v = vo + at, we have 


v = 0 + 9.758 (0.5) = 4.88 ft/s 
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Ix =0.02620( Se) 


Ans: 
v = 4.88 ft/s 
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17-79. 


The two blocks A and B have a mass of 5 kg and 10 kg, 
respectively. If the pulley can be treated as a disk of mass 3 kg 
and radius 0.15 m, determine the acceleration of block A. 
Neglect the mass of the cord and any slipping on the pulley. 


SOLUTION 


Kinematics: Since the pulley rotates about a fixed axis passes through point O, its 
angular acceleration is 


a 
0.15 = 6.6667a 


The mass moment of inertia of the pulley about point O is 


1 1 
he zM” = z B)(0.15*) = 0.03375 kg- m? 


Equation of Motion: Write the moment equation of motion about point O by 
referring to the free-body and kinetic diagram of the system shown in Fig. a, 


G+=M, = =(M,),; 5(9.81)(0.15) — 10(9.81)(0.15) 
= —0,03375(6.6667a) — Sa(0.15) — 10a(0.15) 


a = 2.973 m/s” = 2.97 m/s” 


109-8B1)N 
(a) 
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Ans: 
a = 2.97 m/s 
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*17-80. 


The two blocks A and B have a mass my, and mp, 
respectively, where mg > m4. If the pulley can be treated 
as a disk of mass M, determine the acceleration of block A. 
Neglect the mass of the cord and any slipping on the pulley. 


SOLUTION 


a= ar 
1 
Č +2Mc = E (Mac; mpg g(r) — mag(r) = (imr) + mga + mara 


g(mg — ma) 


1 
(iu + mgt ma) 


g(mg — ma) 


1 
(4m + mB + ma) 
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17-81. 


Determine the angular acceleration of the 25-kg diving 
board and the horizontal and vertical components of 
reaction at the pin A the instant the man jumps off. Assume 
that the board is uniform and rigid, and that at the instant 
he jumps off the spring is compressed a maximum amount 
of 200 mm, œ = 0, and the board is horizontal. Take 
k = 7kN/m. 


SOLUTION 


G+ Ma = Isa; — 1.5(1400 — 245.25) = E 25)(3) |e 


+13 F, = m(ag)}; 1400 — 245.25 — A, = 25(1.5a) 
+5 Fr = M(ag)n 5 


Solving, 


A, = 289N 


= 2 
a = 23.1 rad/s 25(1.5a) 


Ans: 

A, = 0 

A, = 289N 

a = 23.1 rad/s” 
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17-82. 


The lightweight turbine consists of a rotor which is powered 
from a torque applied at its center. At the instant the rotor 
is horizontal it has an angular velocity of 15 rad/s and a 
clockwise angular acceleration of 8 rad/s”. Determine the 
internal normal force, shear force, and moment at a section 
through A. Assume the rotor is a 50-m-long slender rod, 
having a mass of 3 kg/m. 


SOLUTION 
£ SF, = m(ag)_; N4 = 45(15)7(17.5) = 177kN 
+)=F,=m(ag);; Va + 45(9.81) = 45(8)(17.5) 


V4 = 5.86kN Ans. 


Č+5M4 = (Mea My + 45(9.81)(7.5) = Besasy |e) + [45(8)(17.5)](7.5) 


M, = 50.7kKN-m Ans. 


Te Som 
Na | 


Ma Wa 
Ans 4¢(9,3))N 


Ans: 

N4 = 177kN 

Va = 5.86 kN 
M, = 50.7kKN-m 
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17-83. 


The two-bar assembly is released from rest in the position 
shown. Determine the initial bending moment at the fixed 
joint B. Each bar has a mass m and length /. 


SOLUTION 


Assembly: 


I= Em? H S(my(l? t m(P 4 Gy) 


= 1.667 mi? 


l 
Č+2M, = 4a; mg) + mg(l) = (1.667mP)a 


Segment BC: 


1 
12 


ČC+EMp= I(M)s; M= | 


mi a + m(l* 4 Gy)! a 


1 p _ 1 908 
M gin a gm (|) 


M = 0.3gml 
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*17-84, 


The armature (slender rod) AB has a mass of 0.2 kg and 
can pivot about the pin at A. Movement is controlled by the 
electromagnet E, which exerts a horizontal attractive force 
on the armature at B of Fg = (0.2(10°)/°) N, where / in 
meters is the gap between the armature and the magnet at 
any instant. If the armature lies in the horizontal plane, and 
is originally at rest, determine the speed of the contact at B 
the instant 7 = 0.01 m. Originally / = 0.02 m. 


SOLUTION 


Equation of Motion: The mass moment of inertia of the armature about point A is 


given by I4 = Ig + mr = “ (0.2) (0.157) + 0.2(0.0757) = 1.50(10°)kg - m? 


Applying Eq. 17-16, we have 


0.2(103 
GC+EM, = Lye; ea (0.15) = 1.50(10°) a 


0.02 


ae 


Kinematic: From the geometry, / = 0.02 — 0.156. Then dl = —0.15d6 or 


dl d 
dð = “015° Also, w = gaz hence dw = ae Substitute into equation wdw = adé, 


we have 


v dv \ | dl 
0.15\015)/ “\ 015 


vdv = —0.15adl 


v 0.01 m 
| vdv = I —0.15 (e2) dl 
0 0.02 m l 


v = 0.548 m/s 
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Ans: 
v = 0.548 m/s 
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17-85. 


The bar has a weight per length of w. If it is rotating in the 
vertical plane at a constant rate w about point O, determine 
the internal normal force, shear force, and moment as a 
function of x and 0. 


SOLUTION 


Moments: 


Solving (1) and (2), 


V = wx sind 


1 
M= ux sin 


Ans: 


2 
N= SEE z) t cos | 
g 2 


V = wx sind 


E 
M = „wx sin 0 
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17-86. 


The 4-kg slender rod is initially supported horizontally by a 


spring at B and pin at A. Determine the angular acceleration 
of the rod and the acceleration of the rod’s mass center at F 


1.5 m | 1.5m | 
=e B 


the instant the 100-N force is applied. A 
k = 20 N/m 


SOLUTION 

1 
Equation of Motion. The mass moment of inertia of the rod about A is J, = 12 (4)(37) + 
4(1.5°) = 12.0 kg: m°. Initially, the beam is at rest, w = 0. Thus, (ag), = w’r = 0. Also, 


(ac); = arg = a(1.5). The force developed in the spring before the application of the 
4(9.81) N 


100 N force is Fy, = 5 


= 19.62 N. Referring to the FBD of the rod, Fig. a, 


G+ Ma = Iya; — 19.62(3) — 100(1.5) — 4(9.81)(1.5) = 12.0(-a) 
a = 12.5 rad/s2 


(ag); = 125013) = 18.75 m/s? 4 


Since (ag), = 0. Then 
ag = (ag) = 18.75 m/s 4 


ACG.BIDN 
(A) 
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CAEU 
P : 


Ans: 
a = 12.5 rad/s) 
ag = 18.75 m/s? | 
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17-87. 


The 100-kg pendulum has a center of mass at G and a radius 
of gyration about G of kg = 250mm. Determine the 
horizontal and vertical components of reaction on the beam 
by the pin A and the normal reaction of the roller B at the 
instant 6 = 90° when the pendulum is rotating at 
w = 8rad/s. Neglect the weight of the beam and the 
support. 


SOLUTION 


Equations of Motion: Since the pendulum rotates about the fixed axis passing 
through point C, (ag); = arg = a(0.75) and (ag), = w*rg = 8°(0.75) = 48 m/s’. 
Here, the mass moment of inertia of the pendulum about this axis is 
Ic = 100(0.25)* + 100(0.75") = 62.5kg-m*. Writing the moment equation of 
motion about point C and referring to the free-body diagram of the pendulum, 
Fig. a, we have 


G+=M¢ = Ica; 0 = 62.5a 

Using this result to write the force equations of motion along the n and t axes, 
&>F=m(ag),;  —C, = 100[0(0.75)] C, =0 

+Î5F, = mag); C,, — 100(9.81) = 100(48) Cn = 5781 N 


Equilibrium: Writing the moment equation of equilibrium about point A and using 
the free-body diagram of the beam in Fig. b, we have 


+=M, = 0; Nz (1.2) — 5781(0.6) = 0 Nez = 2890.5 N = 2.89 kN Ans. 


Using this result to write the force equations of equilibrium along the x and y axes, 
we have 


4 YF, = 0; A, =0 Ans. 


+ÎEF,=0; A, + 2890.5 -5781=0 A, =28905N=2.89kN Ans. 
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Ans: 

Ng = 2.89 kN 
A, = 0 

A, = 2.89 kN 
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*17-88. 


The 100-kg pendulum has a center of mass at G and a radius 
of gyration about G of kg = 250mm. Determine the 
horizontal and vertical components of reaction on the beam 
by the pin A and the normal reaction of the roller B at the 
instant 9 = 0° when the pendulum is rotating at w = 4 rad/s. 
Neglect the weight of the beam and the support. 


SOLUTION 


Equations of Motion: Since the pendulum rotates about the fixed axis passing 
through point C, (ag); = arg = a(0.75) and (ag), = w’rg = 4°(0.75) = 12 m/s’. age 
Here, the mass moment of inertia of the pendulum about this axis is 

Ic = 100(0.25°) + 100(0.75) = 62.5kg+m?. Writing the moment equation of = 
motion about point C and referring to the free-body diagram shown in Fig. a, 


Ç+5Mc = Ica; —100(9.81)(0.75) = —62.5a a = 11.772 rad/s? 


Using this result to write the force equations of motion along the n and t 
axes, we have 


+ÎEF, = m(ag),; C, — 100(9.81) = —100[11.772(0.75)] C, = 98.1N 


& SF, = magni; Cn = 100(12) C„ = 1200N 


Equilibrium: Writing the moment equation of equilibrium about point A 
and using the free-body diagram of the beam in Fig. b, 


+5M4=0;  Np(1.2) — 98.1(0.6) — 120011) =0 Ng = 1049.05N = 1.05kN Ans. 


Using this result to write the force equations of equilibrium along the x 
and y axes, we have 


435F,=0; 1200- A, =0 A, = 1200 N = 1.20 kN 


+Î5F,=0; 1049.05 — 981- A,=0 A, = 950.95 N = 951 N 


10009.81) N 
(5 =0.]5m 


Ans: 

Nz = 1.05 kN 
A, = 1.20 kN 
A, = 951N 
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17-89. 


The “Catherine wheel” is a firework that consists of a coiled 
tube of powder which is pinned at its center. If the powder 
burns at a constant rate of 20 g/s such as that the exhaust 
gases always exert a force having a constant magnitude of 
0.3 N, directed tangent to the wheel, determine the angular 
velocity of the wheel when 75% of the mass is burned off. 
Initially, the wheel is at rest and has a mass of 100 g and a 
radius of r= 75 mm. For the calculation, consider the wheel 
to always be a thin disk. 


SOLUTION 
Mass of wheel when 75% of the powder is burned = 0.025 kg 


Time to burn off 75 % = 
m(t) = 0.1 — 0.02t 


Mass of disk per unit area is 


m 0.1 kg 
A 7(0.075 m}? 


Po = = 5.6588 kg/m? 


At any time t, 


0.1 — 0.02% 


mr 


0.1 — 00X 
rl) = 56.6588) 


+iMc = Ica; 


5.6588 = 


0.6 


j /0.1 — 0.02t 


= 0.6( V7r(5.6588)) [0.1 — 0.02¢] > 


3 


= 2.530[0.1 — 0.021]? 


dw = adt 


w t 
Fi dw = 2.530 f; [0.1 — 0.02¢]> dt 
0 0 


w = 253{(0.1 — 0.021)? — 3.162] 


For t = 3.75s, 


w = 800 rad/s 


Ans: 
w = 800 rad/s 
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17-90. 


If the disk in Fig. 17-21a rolls without slipping, show that 
when moments are summed about the instantaneous center 
of zero velocity, IC, it is possible to use the moment 
equation X Mc = Irca, where Irc represents the moment 
of inertia of the disk calculated about the instantaneous axis 
of zero velocity. 


SOLUTION 
C+ 2Mic = X(Mx)ic; =Mic = Iga + (mag)r 


Since there is no slipping, ag = ar 


Thus, È M ;c = (Ic + mr’)a 


By the parallel-axis thoerem, the term in parenthesis represents Z ;ç. Thus, 


=Mic = Tica 
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17-91. 


The 20-kg punching bag has a radius of gyration about its 
center of mass G of kg = 0.4 m. Ifit is initially at rest and is 
subjected to a horizontal force F = 30 N, determine the 
initial angular acceleration of the bag and the tension in the 
supporting cable AB. 


SOLUTION 
5 F, = mag); 30 = 20(ag), 
+ÎE2F, = m(ag); T — 196.2 = 20(ag)y 
G+=Mg = Iga; 30(0.6) = 20(0.4)?a 
a = 5.62 rad/s” 
(ac); = 1.5 m/s? 


ag = ag T aB/G 


agi = (ag)yj + (ag)xi — a(0.3)i 


(+1) (ay = 0 


881 


(Ga)y 


9:0 


(aaa =O 


—- (ag) =p 


L | (aax 


Ans: 
a = 5.62 rad/s” 
T = 196N 
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*17-92, 


F, = 100 lb = 
The uniform 150-lb beam is initially at rest when the forces ^ Fa™= 200b 


are applied to the cables. Determine the magnitude of the 
acceleration of the mass center and the angular acceleration 
of the beam at this instant. 


SOLUTION 
Equations of Motion: The mass moment of inertia of the beam about its mass center 


1 1 /150 
is Ig = —mP = ( )e2" = 55.90 slug: ft?. 
12 12 \32.2 


= m(ag)x; 200 cos 60° = sy (a0), 
(ag); = 21.47 ft/s? 
+ÎEF, = m(ag)y; 100 + 200sin 60° — 150 = LAER 
9) 


(ag)y = 26.45 ft/s” 
+3Mg = Iga: 200 sin 60°(6) — 100(6) = 55.90a 
a = 7.857 rad/s? = 7.86 rad/s? 


Thus, the magnitude of aç is 


ag = V(ag)x2 + (ag)? = W21.47 + 26.45? = 34.1 ft/s? 


Ans: 
a = 7.86 rad/s” 
ag = 34.1 ft/s? 


882 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


17-93. 


The slender 12-kg bar has a clockwise angular velocity of 
w = 2 rad/s when it is in the position shown. Determine its 
angular acceleration and the normal reactions of the smooth 
surface A and B at this instant. 


SOLUTION 


Equations of Motion. The mass moment of inertia of the rod about its center of 


1 1 
gravity G is Ig = ml’ = HDC = 9.00 kg-m’. Referring to the FBD and 


kinetic diagram of the rod, Fig. a 
Æ F, = mag) Neg = 12(ag)x (60) 


+1 2F, = m(ac); N4 — 12(9.81) = —12(ac)y (2) 
C+ 3Mo = (Mo; —12(9.81)(1.5 cos 60°) = —12(ag),(1.5 sin 60°) 
—12(ag),(1.5 cos 60°) — 9.00a 
V3(ag)y + (ac), + a = 9.81 (3) 


Kinematics. Applying the relative acceleration equation relating ag and a, by 
referring to Fig. b, 


ag = ag + @ X rG; 7 wrcg 


(ag)i — (ac)j = —agj + (~ak) X (—1.5 cos 60°i — 1.5 sin 60°j) 
—2?(—1.5 cos 60°i — 1.5 sin 60°j) 
(ag)si — (ac) j = (3 — 0.75V3a)i + (0.75a — ag + 3V3)j 


|3Cas60m 1300S 60° m 


= A 
m ay =/L Ny Pi 
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17-93. Continued 


Equating i and j components, 
~(ag), = 3 — 0.75V3a 
(ac), = 0.75a — ag + 3V3 


Also, relate ap and a4, 


a, =agtax A/B = W TAB 


aai = —agj + (~ak) x (—3 cos 60°i — 3 sin 60°j) 
—2?(—3 cos 60°i — 3 sin 60°j) 

-a;i = (6 — 1.5V3a)i + (15a — ag + 6V3)j 
Equating j components, 

0 = 15a — ag + 6V3; ag = 15a + 6V3 
Substituting Eq. (6) into (5) 

(ac), = 0.75a + 3V3 
Substituting Eq. (4) and (7) into (3) 

V3(0.75V3a — 3) + 0.75a + 3V3 + a = 9.81 


a = 2.4525 rad/s* = 2.45) rad/s” 


Substituting this result into Eqs. (4) and (7) 
~(ag)y = 3 — (0.75V3)(2.4525); (ag), = 0.1859 m/s? 


(ag), = 0.75(2.4525) + 3V3; (ag), = 7.0355 m/s” 


Substituting these results into Eqs. (1) and (2) 
Ng = 12(0.1859); Np = 2.2307 N = 2.23 N 
N, — 12(9.81) = —12(7.0355); N4 = 33.2937 N = 33.3 N 


Ans: 

a = 2.45 rad/s” D 
Ng = 2.23N 

N4 = 33.3N 
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17-94. 


The tire has a weight of 30 Ib and a radius of gyration of 
kg = 0.6 ft. If the coefficients of static and kinetic friction 
between the wheel and the plane are p, = 0.2 and 
uk = 0.15, determine the tire’s angular acceleration as it 
rolls down the incline. Set 0 = 12°. 


SOLUTION 


30 
+/43F, = : 30 sin 12° — F = | —— 
~ = m(ag)x; sin (33 ec 


+N F, = m(ag)y 5 N — 30cos 12° = 0 


G+=Mg=Iga;  F(1.25) = (33) (0.5? |e 


Assume the wheel does not slip. 
ag = (1.25)a 
Solving: 
F = 1.17 lb 
N = 29.34 lb 


ag = 5.44 ft/s? 


a = 4.35 rad/s? 


Fmax = 0.2(29.34) = 5.87 lb > 1.17 lb 


Ans: 
a = 4.32 rad/s” 
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17-95. 


The tire has a weight of 30 lb and a radius of gyration of 
kg = 0.6 ft. If the coefficients of static and kinetic friction 
between the wheel and the plane are pw, = 0.2 and 
by = 0.15, determine the maximum angle 6 of the inclined 
plane so that the tire rolls without slipping. 


SOLUTION 


Since wheel is on the verge of slipping: 


30 
XF, = m(ag)x; 30 sind — 0.2N = (3 )e.2se) 


+\2F, = m(ag)y 3 N — 30cos6 = 0 


G+EMc = Iga; 0.2N(1.25) = (eo 


Substituting Eqs.(2) and (3) into Eq. (1), 
30 sin 0 — 6 cos 0 = 26.042 cos 0 
30 sin 0 = 32.042 cos 0 
tan 0 = 1.068 


0 = 46.9° 
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*17-96. 


The spool has a mass of 100 kg and a radius of gyration of 
kg = 0.3 m. If the coefficients of static and kinetic friction 
at A are u; = 0.2 and uy = 0.15, respectively, determine the 
angular acceleration of the spool if P = 50 N. 


SOLUTION 4 
al 
ASF, = mag); 50 + F4 = 100ag > 10078) N 
| l4 


+Î £F, = m(ag)y; N4 — 100(9.81) = 0 


X 
C+IMg = Iga; 50(0.25) — F 4(0.4) = [100(0.3)7]a 
Assume no slipping: ag = 0.4a 

a = 1.30 rad/s” 

ag = 0.520 m/s? N4 = 981N F, = 2.00 N 


Since (F 4)max = 0.2(981) = 196.2 N > 2.00 N 


Ans: 
a = 1.30 rad/s? 
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17-97. 


Solve Prob. 17-96 if the cord and force P = 50N are 
directed vertically upwards. 


SOLUTION 

5 YF, = m(ag)x; F4 = 100ag 

025m 
10019.81) N 


+Î EF, = m(ag)y; Na + 50 — 100(9.81) = 0 


C+=Mg = Iga; 50(0.25) — F (0.4) = [100(0.3)"]a 
Assume no slipping: ag = 0.4a 

a = 0.500 rad/s” 

ag = 0.2 m/s” Na = 931N Fa =20N 


Since (F 4)max = 0.2(931) = 186.2 N > 20 N 


Ans: 
a = 0.500 rad/s” 
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17-98. 


The spool has a mass of 100 kg and a radius of gyration 
kg = 0.3 m. If the coefficients of static and kinetic friction 
at A are us; = 0.2 and uy = 0.15, respectively, determine the 
angular acceleration of the spool if P = 600 N. 


SOLUTION 


5 SF, = mag); 600 + Fy = 100ag 


+Î £F, = m(ag)y; Na — 100(9.81) = 0 


C+=Mg = Iga; 600(0.25) — F4(0.4) = [100(0.3)7]a 
Assume no slipping: ag = 0.4a 

a = 15.6 rad/s” 

ag = 6.24m/s> Ny=981N F4 = 24.0N 


Since (F 4)max = 0.2(981) = 196.2 N > 24.0 N 


889 


/00(F-61) N 


Ans: 
a = 15.6 rad/s? 
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17-99. 


The 12-kg uniform bar is supported by a roller at A. If a 
horizontal force of F = 80 N is applied to the roller, 
determine the acceleration of the center of the roller at the 
instant the force is applied. Neglect the weight and the size 
of the roller. 


SOLUTION 


Equations of Motion. The mass moment of inertia of the bar about its center of gravity G 


of the bar, Fig. a 
$ SF, = mag) 80 = 12(ac) (ac), = 6.6667 m/s? > 
G+3My = (ua; 0 = 12(6.6667)(1) — 4.00a = a = 20.0 rad/s” D 


Kinematic. Since the bar is initially at rest, oœ = 0. Applying the relative acceleration 
equation by referring to Fig. b, 


+ax IG/A = w'IG/A 


6.6667i yj = aai + (—20.0k) x (—j) — 0 


6.6667i + yj = (a4 — 20)i 
Equating i and j components, 
6.6667 =a, — 20; a, = 26.67 m/s* = 26.7m/s* > 


(ac)y =0 


Cy 


20.0 rade a)-0 


Ans: 
aa = 26.7m/s* > 
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*17-100. 


A force of F = 10 N is applied to the 10-kg ring as shown. If 
slipping does not occur, determine the ring’s initial angular 
acceleration, and the acceleration of its mass center, G. Neglect 
the thickness of the ring. 


SOLUTION 


Equations of Motion. The mass moment of inertia of the ring about its center of 
gravity G is Iz = mr? = 10(0.4") = 1.60 kg- m°. Referring to the FBD and kinetic 
diagram of the ring, Fig. a, 


G+ =Mc = (uz)c; (10 sin 45°)(0.4 cos 30°) — (10 cos 45°)[0.4(1 + sin 30°)] 
= —(10ag)(0.4) — 1.60a 
4ag + 1.60a = 1.7932 
Kinematics. Since the ring rolls without slipping, 
ag = ar = a(0.4) 
Solving Eqs. (1) and (2) 
a = 0.5604 rad/s* = 0.560 rad/s? d 
ag = 0.2241 m/s? = 0.224 m/s* > 


0:44 14510300 
O.4.€08230° 


(A) 


Ans: 
a = 0.560 rad/s” d 
ag = 0.224 m/s* > 
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17-101. 


If the coefficient of static friction at C is u, = 0.3, determine 
the largest force F that can be applied to the 5-kg ring, 
without causing it to slip. Neglect the thickness of 
the ring. 


SOLUTION 


Equations of Motion: The mass moment of inertia of the ring about its center of 
gravity G is Ig = mr? = 10(0.47) = 1.60 kg: m°. Here, it is required that the ring is 
on the verge of slipping at C, F = m, N = 0.3 N. Referring to the FBD and kinetic 
diagram of the ring, Fig. a 


+} F, = m(ag)y; Fsin 45° + N — 10(9.81) = 10(0) (09) 
$ SF, = m(ag)};  Fcos45°— 0.3 N = 10ag (2) 
G+ =Me = Iga; F sin 15°(0.4) — 0.3 N(0.4) = —1.60a (3) 
Kinematics. Since the ring rolls without slipping, 

ag = ar = a(0.4) (4) 
Solving Eqs. (1) to (4), 

F = 42.34N = 42.3N 
N=6816N a=2.373rad/s?) ag = 0.9490 m/s? > 


1OCG-BON 
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17-102. 


The 25-lb slender rod has a length of 6 ft. Using a collar of 
negligible mass, its end A is confined to move along the 
smooth circular bar of radius 3V2 ft. End B rests on the 
floor, for which the coefficient of kinetic friction is ug = 0.4. 
If the bar is released from rest when 0 = 30°, determine the 
angular acceleration of the bar at this instant. 


SOLUTION 


25 
= m(ac); —0.4 Ng + N; cos 45° 322 (ag)x 


. =25 Milax 
F Te = m(ag)y; Np = 2) = Na sin 45° 39.9 ay ` 


C+ Me = Ica; Ng(3 cos 30°) — 0.4 Ng (3 sin 30°) Tarh 


+ N4 sin 15°(3) = (3) m (Cady 


ag = aa T aB/a 


4g 7 ada T 6a 
<— 45° 30° 


(+1) 0 = —a,; sin 45° + 6a(cos 30°) 
aa = 7.34847a 

ag = a4 + aga 

(ag)x + (ag)y = 7.34847a + 3a 

= l Z450 30° 


(£) (ag); = —5.196a + 1.5a = —3.696a 


(+1) (ag); = 5.196a — 2.598a = 2.598a 
Solving Eqs. (1)-(5) yields: 

Nz = 9.01 Ib 

N, = -11.21b 

a = 4.01 rad/s” 


Ans: 
a = 4.01 rad/s” 
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17-103. 


The 15-lb circular plate is suspended from a pin 
at A. If the pin is connected to a track which is given an 
acceleration a, = 5 ft/s, determine the horizontal and 
vertical components of reaction at A and the angular 
acceleration of the plate. The plate is originally at rest. 


SOLUTION 
SYR = mags A= 


+135, = mlagy; 4- 


C+ MG = Ica; A,(2) 


3 = ag + Agia 

, = Si — 2ai 
(ac)y =0 
(ac) =5- 2a 


= 15.0 Ib 
= 0.776 lb 
a = 1.67 rad/s” 
ag = (ag); = 1.67 ft/s? 


Ans: 

Ay = 15.0 lb 
A, = 0.776 Ib 
a = 1.67 rad/s” 
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*17-104. 


If P = 30 lb, determine the angular acceleration of the 50-lb 
roller. Assume the roller to be a uniform cylinder and that 
no slipping occurs. 


SOLUTION 
Equations of Motion: The mass moment of inertia of the roller about its mass center 


; i a, 1/50 5 3 
is Ig z” (2 Jes ) = 1.7469 slug: ft". We have 


50 
aa" 
+Î EF, = m(ag)y; N — 50 — 30sin 30° = 


5 SF, = m(ag)x; 3000s 30° — F; = 


tM, = Iga; F (1.5) = 1.7469a 
Since the roller rolls without slipping, 
dg = ar = a(1.5) 
Solving Eqs. (1) through (3) yields 
a = 7.436 rad/s? = 7.44 rad/s? 


F = 8.660 Ib ag = 11.15 ft/s? 


895 


Ans: 
a = 7.44 rad/s” 
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17-105. 


If the coefficient of static friction between the 50-Ib roller 
and the ground is u, = 0.25, determine the maximum force 
P that can be applied to the handle, so that roller rolls on the 
ground without slipping. Also, find the angular acceleration 
of the roller. Assume the roller to be a uniform cylinder. 


SOLUTION 


Equations of Motion: The mass moment of inertia of the roller about its mass center 


: _1 , 1f 50 2) j 
is IG ae (2 Jus ) 1.7469 slug - ft". We have 


50 
00° 
+1 =F, = m(ag)y; N — Psin30° — 50 = 0 


4,5 F, = m(ag)s Pcos30° — F; = 


t=MG = Ica; F (1.5) = 1.74694 
Since the roller is required to be on the verge of slipping, 
dg = ar = a(1.5) 
Fy = aN = 0.25N 
Solving Eqs. (1) through (5) yields 
a = 18.93 rad/s? = 18.9 rad/s” P = 76.37 lb = 76.4 Ib 


N = 88.18 lb ag = 28.39 ft/s? Fr = 22.05 Ib 


Ans: 
a = 18.9 rad/s” 
P = 76.4 1b 
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17-106. 


The uniform bar of mass m and length L is balanced in the 
vertical position when the horizontal force P is applied to 
the roller at A. Determine the bar’s initial angular 
acceleration and the acceleration of its top point B. 


SOLUTION 


EER, = mag) P = mag 


C+ MG = Ica; r( 


1 
P grla 


Je 


= 
m 
T 
m 


| 
2/5 

l 
2/5 
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17-107. 


Solve Prob. 17-106 if the roller is removed and the 
coefficient of kinetic friction at the ground is u}. 


SOLUTION 


ik, = m(ac)x P — Na, = mag 


re 1 
C+3MG = Iga: (P - mNa) y = (Erp) 
+f ZF, = m(ac)y; Na- mg =0 
Solving, 


Na 


ee 6(P — umg) 
mL 


ag = ag + aB/G 


E 
(5) an= = Tat 


La 
m= 


_ 2(P = mmg) 
m 


ag 
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Ans: 

me 6(P — umg) 
mL 

_ 2(P — umg) 

E m 


ap 
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*17-108. 


The semicircular disk having a mass of 10 kg is rotating at 
w = 4 rad/s at the instant 0 = 60°. If the coefficient of 
static friction at A is u, = 0.5, determine if the disk slips at 
this instant. 


SOLUTION 


Equations of Motion:The mass moment of inertia of the semicircular disk about its center 


1 
of mass is given by Ig = 3 (10) (0.47) — 10 (0.16987) = 0.5118kg-m?. From the 


geometry, reja = V0.1698" + 0.4? — 2(0.1698) (0.4) cos 60° = 0.3477 m Also, using 
sin 0 sin 60° 
0.1698 0.3477’ 


law of sines, 0 = 25.01°. Applying Eq. 17-16, we have 


G+>M, = >(M,)4;  10(9.81)(0.1698 sin 60°) = 0.5118a 
+ 10(ag)x cos 25.01°(0.3477) 
+ 10(ag)y sin 25.01°(0.3477) (1) 
# SF, = m(ag);3 Fy = 10(ag)x (2) 
+ÎF, = m(ag)y; N — 10(9.81) = —10(ag), (3) 


Kinematics: Assume that the semicircular disk does not slip at A, then (a4), = 0. 
Here,rgj4 = {—0.3477 sin 25.01°i + 0.3477 cos 25.01°j} m = {—0.1470i + 0.3151j} m. 
Applying Eq. 16-18, we have 


ag=aa tax IG/A = WG/A 


(ag)xi — (ag)yj = 6.40j + ak X (—0.1470i + 0.3151) — 4°(—0.1470i + 0.3151) 


(ag)xi — (ag)yj = (2.3523 — 0.3151 a) i + (1.3581 — 0.1470e)j 
Equating i and j components, we have 
(ag), = 0.3151a — 2.3523 
(ag)y = 0.1470a — 1.3581 
Solving Eqs. (1), (2), (3), (4), and (5) yields: 
a = 13.85 rad/s” (ag), = 2.012 m/s? (ag), = 0.6779 m/s? 
F; = 20.12 N N = 91.32 N 


Since F; < (Fp)max = MsN = 0.5(91.32) = 45.66 N, then the semicircular 
disk does not slip. 


Ans: 


1019.81) N 
0:18 Sinbo ‘r 


Since Fy < (Fe)max = MsN = 0.5(91.32) = 45.66 N, 
then the semicircular disk does not slip. 
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17-109. 


The 500-kg concrete culvert has a mean radius of 0.5 m. If 
the truck has an acceleration of 3m/s*, determine the 
culvert’s angular acceleration. Assume that the culvert does 
not slip on the truck bed, and neglect its thickness. 


SOLUTION 


Equations of Motion: The mass moment of inertia of the culvert about its mass 
center is Ig = mr? = 500(0.57) = 125 kg- m°. Writing the moment equation of 
motion about point A using Fig. a, 


G+EM, = 3(M)4; 0 = 125a — 500a¢(0.5) (1) 


Kinematics: Since the culvert does not slip at A, (a4), = 3 m/s”. Applying the 
relative acceleration equation and referring to Fig. b, 


= 2 
ag =a, + aX FGJ T &TG/A 


agi = 3i + (a,4),j + (ak x 0.5j) — w?(0.5j) 


agi = (3 — 0.5a)i + [(a4)n — 0.507 ]j 


Equating the i components, 
ag = 3 — 05a 
Solving Eqs. (1) and (2) yields 
ag = 15m/s* > 


a = 3rad/s* 


5009.81) N 
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Ans: 
a = 3rad/s 
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17-110. 


The 15-lb disk rests on the 5-lb plate. A cord is wrapped 
around the periphery of the disk and attached to the wall at 
B. If a torque M = 40 lb - ft is applied to the disk, determine 
the angular acceleration of the disk and the time needed for 
the end C of the plate to travel 3 ft and strike the wall. 
Assume the disk does not slip on the plate and the plate 


rests on the surface at D having a coefficient of kinetic 
friction of u, = 0.2. Neglect the mass of the cord. 


SOLUTION 


Disk: 
15 
~ 322°C 


G+ Mg = Iga; —Fp(1.25) + 40 — T(1.25) = (3 esla 


4.3K = mags T- Fp 


Plate: 


5 


4 LF, = m(ag)x3 -4= 329? 


ap = ag +t ap/G 
ap = ag + a(1.25) 


ag = a(1.25) 
fle 5t 
LA 


ap = 2.5a 2ofog)- hur T 
2a 

Fp = 9.65 lb 

ap = 36.367 ft/s? 

a = 14.5 rad/s” 

T = 18.1 lb 


2 


1 
S = So 2A Vot F ge 


1 
3=0+0+ z (36.367) 


t = 0.406 s 
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Ans: 
a = 14.5 rad/s? 
t = 0.406 s 
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17-111. 
The semicircular disk having a mass of 10 kg is rotating 
at w=4rad/s at the instant 6 =60°. If the coefficient of 


static friction at A is u,= 0.5, determine if the disk slips at 
this instant. 


SOLUTION 
For roll A. 
C+EM,=1,0,  T(0.09) = $(8)(0.09) ay 
For roll B 
C+=Mo = E(Mx)o; 8(9.81)(0.09) = 5(8)(0.09)? ag + 8az(0.09) 
+Î EF, = m(ag)y; T — 8(9.81) = —8ag 
Kinematics: 
ag = ao + (agjo): + (agjo)n 
lel beg] + 


(+1) ag = ao + 0.09ag 


(+1) ag = QA (0.09) SOAIIN 
Solving Eqs. (1)—(5) yields: 


aa = 43.6 rad/s” 
ag = 43.6 rad/s? 
T =15.7N 


ag = 7.85 m/s” ao = 3.92 m/s” 


Ans: 
The disk does not slip. 
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*17-112. 


The circular concrete culvert rolls with an angular velocity 
of w = 0.5 rad/s when the man is at the position shown. At 
this instant the center of gravity of the culvert and the man is 
located at point G, and the radius of gyration about G is 
kg = 3.5 ft. Determine the angular acceleration of the 
culvert. The combined weight of the culvert and the man is 
500 lb. Assume that the culvert rolls without slipping, and the 
man does not move within the culvert. 


SOLUTIONS 


Equations of Motion: The mass moment of inertia of the system about its mass 


: >. 300,» ee : 
center is Ig = mkg= 32265 ) = 190.22 slug: ft. Writing the moment equation of 


motion about point A, Fig. a, 


500 500 


+ EM = (Ma; —500(0.5) = -35>(aa)x(4) — 355 (ac)y(0.5) — 190.220 (1) 


Kinematics: Since the culvert rolls without slipping, 


a = ar = a(4)> 
Applying the relative acceleration equation and referrring to Fig. b, 
ag = 49 + & X rGjo 7 WEG) A 


(ag)xi — (ag)yj = 4ai + (~ak) x (0.5i) — (0.57)(0.5i) 


(acg)i — (ag)yj = (4a — 0.125)i — 0.5aj 
Equation the i and j components, 
(ag), = 4a — 0.125 
(ag)y = 0.5a 


Subtituting Eqs. (2) and (3) into Eq. (1), 
500 500 
—500(0.5) = —Z55 (4a — 0.125)(4) - 55 5(0.5a)(0.5) — 190.220 


a = 0.582 rad/s? 


305 (Gy 


| 
ZL foi. 


Ans: 
a = 0.582 rad/s” 
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17-113. 


The uniform disk of mass m is rotating with an angular 
velocity of wp when it is placed on the floor. Determine the 
initial angular acceleration of the disk and the acceleration 
of its mass center. The coefficient of kinetic friction between 
the disk and the floor is up. 


SOLUTION 


Equations of Motion. Since the disk slips, the frictional force is Fy = mN. The mass 


: ; : : : 1 
moment of inertia of the disk about its mass center is Ig = zm We have 


+TXF, = m(ag)y; N-mg=0 N = mg 


€F, = m(ac); emg) = mag 


1 
C+E Mg = Iga; —p,(mg)r = (Jnr? Ja 
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17-114. 


The uniform disk of mass m is rotating with an angular 
velocity of wọ when it is placed on the floor. Determine the 
time before it starts to roll without slipping. What is the 
angular velocity of the disk at this instant? The coefficient 
of kinetic friction between the disk and the floor is ug. 


SOLUTION 


Equations of Motion: Since the disk slips, the frictional force is Fy = uN. The mass 


` ; ; ; : 1 
moment of inertia of the disk about its mass center is Ig = yn 


+Î EF, = m(ag)y; N-mg=0 N = mg 
EF, = mlac);  m(mg) = mag aG = Ugg 


2ukg 
ae 


1 
+=Mg = Iga; —p,(mg)r = -(Fm Je 
r 


2 


Kinematics: At the instant when the disk rolls without slipping, vg = wr. Thus, 


(+) VG = (wa) + act 
or = 0 + pxgt 


or 
t= 


- at 


(C+ ‘inet (8), 


r 


Solving Eqs. (1) and (2) yields 
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17-115. 
A cord is wrapped around each of the two 10-kg disks. 
If they are released from rest, determine the angular 


acceleration of each disk and the tension in the cord C. 
Neglect the mass of the cord. 


SOLUTION 


For A: 


C+>2M,y4 =I,4ay; T(0.09) = 4000.09) Jay 


For B: 10(9.81) N 
1 

G+5Mp =Ipap; (0.09) = (1010.09) ap 0.09 m 

+} EF, = m(ag),; — 10(9.81) — T = 10ag 


ag = apt (azp): T (ag/P)n N 


(+1) ag = 0.09a4 + 0.09a, + 0 
0.09 m 


Solving, 


109.81) N 10ap 
ag = 7.85 m/s” 


=O 
aa = 43.6 rad/s ; S > 
43.6 rad/s” “8 P (agp) 
= 43.6 rad/s i oS D T ; 
AB/Phi 
= 19.6 N : “e p 


10(9.81) + 19.62 


118 N 


Ans: 

aa = 43.6 rad/s?) 
ag = 43.6 rad /° $ 
T=196N 
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*17-116. 


The disk of mass m and radius r rolls without slipping on the 
circular path. Determine the normal force which the path 
exerts on the disk and the disk’s angular acceleration if at 
the instant shown the disk has an angular velocity of w. 


SOLUTION 


Equation of Motion: The mass moment of inertia of the disk about its center of 


1 
mass is given by Ig = 2 mr’. Applying Eq. 17-16, we have 


G+=M, = =(M,)43 mg sin (r) = (Jnr? Ja + m(ag); (r) [1] 
È F, = m(ag)n3 N — mg cos = m(ag)n [2] 


Kinematics: Since the semicircular disk does not slip at A, then ug = wr and 
(ag); = ar. Substitute (ag), = ar into Eq. [1] yields 


mg sin 0(r) G mr? )a + m(ar)(r) 


2 
a sin 0 Ans. 
3r 


Also, the center of the mass for the disk moves around a circular path having a 
2 2.2 
UG wor 


radius of p = R — r. Thus, (ag), = — = R . Substitute into Eq. [2] yields 
p =f 


22 
wor 
N= = 
mg COS n( 2) 


2.2 
wr 
N= + 0 
m( 2 g cos ) 
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17-117. 


The uniform beam has a weight W. If it is originally at rest 
while being supported at A and B by cables, determine the 
tension in cable A if cable B suddenly fails. Assume the 
beam is a slender rod. 


SOLUTION 


+ÎEF, = m(ag)y; 


C+=M, = Iya; w( 


L 
Si =a — 
ince ag a( 4 


Also, 


+ÎEF, = m(ac)y; 
C+EMg = Ig a; 


L 
Since ag = 1? 


12\/¢g 
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17-118. 


The 500-Ib beam is supported at A and B when it is 
subjected to a force of 1000 lb as shown. If the pin support 
at A suddenly fails, determine the beam’s initial angular 
acceleration and the force of the roller support on the beam. 
For the calculation, assume that the beam is a slender rod 
so that its thickness can be neglected. 


SOLUTION 


4 500 
E EF, = mlao) 1000(2) = ao), 


3 500 
+} DSF, = m(ag)y; 1000 (3) + 500 — By = 355 (40)y 


500 500 


CE Mr = TMs: 500) + 1000 (2) (8) -uoo + [5 (28 


ag = ag + aB/G 


api = —(ag)xi — (acg)j + a(3)j 
(+1) (ac) = a3) 
a = 23.4 rad/s” 


B, = 9.62 Ib 


B, > 0 means that the beam stays in contact with the roller support. 
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Ans: 
a = 23.4rad/s” 
By = 9.62 Ib 
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17-119. 


The solid ball of radius r and mass m rolls without slipping 
down the 60° trough. Determine its angular acceleration. 


SOLUTION 
d = r sin 30° = > 


2 
5 


È Ma-a = È(Mp)a-a; mg sin ase(Z) = | 


10g 


& = — z~ 
13V2r 


910 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*17-120. 


By pressing down with the finger at B, a thin ring having a 
mass 7n is given an initial velocity vg and a backspin œg when 
the finger is released. If the coefficient of kinetic friction 
between the table and the ring is ux, determine the distance 
the ring travels forward before backspinning stops. 


SOLUTION 


+1=F,=0; Na-—mg=0 


Na = mg 
SSF, = m(ac); Me (mg) = mag) 


aG = Ukg 


G+=MG = Iga; by (mg)r = mra 


wor 


Hk & 


1 
S = So + vo + =a, t? 
2 


a Geala 
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18-1. 


At a given instant the body of mass m has an angular 
velocity œw and its mass center has a velocity vg. Show that 
its kinetic energy can be represented as T = af, 7cw", where 
Irc is the moment of inertia of the body determined about 
the instantaneous axis of zero velocity, located a distance 
circ from the mass center as shown. 


SOLUTION 


1 
T 3 MG + DEG wo where ug = IG/IC 


1 1 
= z Morac)! t3 Igo’ 


1 
= (mrc j Ic)o? However mrgjic + Ig = Iic 


= zleo 
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18-2. 


The wheel is made from a 5-kg thin ring and two 2-kg 
slender rods. If the torsional spring attached to the wheel’s 
center has a stiffness k = 2N-m/rad, and the wheel is 
rotated until the torque M = 25N-m is developed, 
determine the maximum angular velocity of the wheel if it 
is released from rest. 


SOLUTION 


Kinetic Energy and Work: The mass moment of inertia of the wheel about point O is 


1 
h= 249) —m,P 
O Mp? (hme) 


= 5(0.5°) + d5 DD 


= 1.5833 kg- m? 


Thus, the kinetic energy of the wheel is 


1 1 
Te Io wo = A (1.5833) w = 0.79167 w* 


Since the wheel is released from rest, T4 = 0. The torque developed is M = k0 = 26. 
Here, the angle of rotation needed to develop a torque of M = 25 N- mis 


6 = 12.5 rad 


The wheel achieves its maximum angular velocity when the spacing is unwound that 
is when the wheel has rotated 0 = 12.5 rad. Thus, the work done by & is 


12.5 rad 
Un= [ma= | 20 do 
0 


12.5 rad 


= = 156.25 J 


Principle of Work and Energy: 


Tı + Du 4-2 = T> 
0 + 156.25 = 0.79167 w* 
w = 14.0 rad/s 
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Ans: 
w = 14.0 rad/s 
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18-3. 


The wheel is made from a 5-kg thin ring and two 2-kg slender 
rods. If the torsional spring attached to the wheel’s center has 
a stiffness k = 2 N- m/rad, so that the torque on the center 
of the wheel is M = (20)N-m, where @ is in radians, 
determine the maximum angular velocity of the wheel if it is 
rotated two revolutions and then released from rest. 


SOLUTION 
I, = | o + 5(0.5)* = 1.583 


Tı + XU 4_> — T 


Ai 
1 
0+ 20 dð = 7 (1.583) wo 
0 


(4T)? = 0.79170" 


w = 14.1 rad/s 
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Ans: 
w = 14.1 rad/s 
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*18-4. 


A force of P = 60 N is applied to the cable, which causes 
the 200-kg reel to turn since it is resting on the two rollers 
A and B of the dispenser. Determine the angular velocity of 
the reel after it has made two revolutions starting from rest. 
Neglect the mass of the rollers and the mass of the cable. 
Assume the radius of gyration of the reel about its center 
axis remains constant at ko = 0.6 m. 


SOLUTION 


Kinetic Energy. Since the reel is at rest initially, 7, = 0. The mass moment of inertia 
of the reel about its center O is Jy) = mk = 200(0.67) = 72.0 kg- m’. Thus, 


1 Ï 
b= zoe” = 372.0) eo" = 36.0 œ? 


Work. Referring to the FBD of the reel, Fig. a, only force P does positive work. When 
the reel rotates 2 revolution, force P displaces $ = Or = 2(27r)(0.75) = 377 m. Thus 


U, = P, = 60(37) = 1807 J 


Principle of Work and Energy. 
T + ÈU = Tr 


0 + 1807 = 36.0 œ? 
w = 3.9633 rad/s = 3.96 rad/s 
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Ans: 
w = 3.96 rad/s 
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18-5. 


A force of P = 20N is applied to the cable, which causes 
the 175-kg reel to turn since it is resting on the two rollers 
A and B of the dispenser. Determine the angular velocity of 
the reel after it has made two revolutions starting from rest. 
Neglect the mass of the rollers and the mass of the cable. 
The radius of gyration of the reel about its center axis is 
kg = 0.42 m. 


SOLUTION 


T + LU\_2 = Th 4 
17S (9.3) 


0 + 20(2)(27)(0.250) = 201750427 Ju" 


w = 2.02 rad/s 


Ans: 
w = 2.02 rad/s 
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18-6. 


A force of P = 20N is applied to the cable, which causes 
the 175-kg reel to turn without slipping on the two rollers A 
and B of the dispenser. Determine the angular velocity of 
the reel after it has made two revolutions starting from rest. 
Neglect the mass of the cable. Each roller can be considered 
as an 18-kg cylinder, having a radius of 0.1 m. The radius of 
gyration of the reel about its center axis is kg = 0.42 m. 


SOLUTION 
System: 
T, + LU,_-. = Th f 17S C9.8)N 


[0 + 0 + 0] + 20(2)(27)(0.250) = 51 175(0.42)? Ja" + 2| ason? |o? 


v = o,(0.1) = w(0.5) 


Solving: 


w = 1.78 rad/s 


Ans: 
w = 1.78 rad/s 
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18-7. 


The double pulley consists of two parts that are attached to w = 20 rad/s 
one another. It has a weight of 50 lb and a radius of gyration 
about its center of kọ = 0.6 ft and is turning with an angular 
velocity of 20 rad/s clockwise. Determine the kinetic energy 
of the system. Assume that neither cable slips on the pulley. 


SOLUTION 


1 1 
T = 510% + 5 Ma VA H 5 "B VB 


T=> E (0.6? )(20y + +( )lenw? + (3 wos} 


= 283 ft- lb 


Ans: 
T = 283 ft-lb 
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*18-8. 


The double pulley consists of two parts that are attached to 
one another. It has a weight of 50 Ib and a centroidal radius 
of gyration of kg = 0.6 ft and is turning with an angular 
velocity of 20 rad/s clockwise. Determine the angular 
velocity of the pulley at the instant the 20-Ib weight moves 
2 ft downward. 


SOLUTION 


Kinetic Energy and Work: Since the pulley rotates about a fixed axis, 
v4 = or, = w(1) and vg = org = (0.5). The mass moment of inertia of the 
50 
32.2 


0.62) = 0.5590 slug- ft?. Thus, the 
8 


pulley about point O is Ig = mko? = ( 


kinetic energy of the system is 


1 2 1 2 1 2 
T 710% t g NAVA t 7 BVB 


1 


1/ 20 1/ 30 


= 0.70650" 
Thus, T} = 0.7065(20°) = 282.61 ft-lb. Referring to the FBD of the system shown 


in Fig. a, we notice that O,, O,, and W, do no work while W 4 does positive work and 
Ws does negative work. When A moves 2 ft downward, the pulley rotates 


Thus, the work of W, and W; are 


Uw 


W484 = 20(2) = 40 ft-lb 


A 


Uw WeSp = 30(1) = 30 ft- lb 


= 
Principle of Work and Energy: 
Tı F Ui-2 = Ta 
282.61 + [40 + (—30)] = 0.7065 œ? 


w = 20.4 rad/s 
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w = 20 rad/s 


Ans: 
w = 20.4 rad/s 
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18-9. 


The disk, which has a mass of 20 kg, is subjected to the 
couple moment of M = (20 + 4) N-m, where @ is in 
radians. If it starts from rest, determine its angular velocity 
when it has made two revolutions. 


SOLUTION 


Kinetic Energy. Since the disk starts from rest, T} = 0. The mass moment of inertia 


1 1 
of the disk about its center O is I) = z mr’ = 7 (20) (0.32) = 0.9 kg- m°. Thus 


1 1 
T= 7 ho = 7 OD = 0.450" 
Work. Referring to the FBD of the disk, Fig. a, only couple moment M does work, 
which it is positive 


2(27) Av 
Uy = fua fo + 4)d0 = 0? + 40| = 208.18 J 
0 0 


Principle of Work and Energy. 
T + 2U\_. = T 
0 + 208.18 = 0.450” 
œ = 21.51 rad/s = 21.5 rad/s 


Ans: 
w = 21.5 rad/s 
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18-10. 


The spool has a mass of 40 kg and a radius of gyration of 
ko = 0.3 m. If the 10-kg block is released from rest, 
determine the distance the block must fall in order for the 
spool to have an angular velocity œ = 15 rad/s. Also, what 
is the tension in the cord while the block is in motion? 
Neglect the mass of the cord. 


SOLUTION 


Kinetic Energy. Since the system is released from rest, T, = 0. The final velocity 
of the block is v, = wr = 15(0.3) = 4.50 m/s. The mass moment of inertia of the 
spool about O is ly = mk} = 40(0.37) = 3.60 Kg: m°. Thus 


Th = slow” + im W5=40(9.BDN 
= $(3.60)(15") + 3(10)(4.50") o3m 


= 506.25 J 


1 1 
For the block, T) = 0 and Ty = z Mor = (10) (4.507) = 101.25 J 


Work. Referring to the FBD of the system Fig. a, only W, does work when the block 
displaces s vertically downward, which it is positive. 


Uw, = W,s = 10(9.81)s = 98.1 s 


Referring to the FBD of the block, Fig. b. W, does positive work while T does 
negative work. 


Ur = —Ts 
Uw, 


b 


= W,s = 10(9.81)(s) = 98.1 s 


Principle of Work and Energy. For the system, 


T + $U = h W,=/007-B0N 
0 + 98.1s = 506.25 (A) 
s = 5.1606 m = 5.16 m 


l T 
For the block using the result of s, E 
T+ 20,_.,= D 2 
0 + 98.1(5.1606) — T(5.1606) = 101.25 
T = 78.48 N = 78.5N . 


Wi, 1007-8!) 
Cb) 


Ans: 


921 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


18-11. 


The force of T = 20 N is applied to the cord of negligible 
mass. Determine the angular velocity of the 20-kg wheel 
when it has rotated 4 revolutions starting from rest. The 
wheel has a radius of gyration of ky = 0.3 m. 


SOLUTION 


Kinetic Energy. Since the wheel starts from rest, T, = 0. The mass moment of 
inertia of the wheel about point O is Jy) = mk = 20(0.37) = 1.80 kg- m°. Thus, 


1 1 
D= 5 ho = z (1,80) o° = 0.9 w 


Work. Referring to the FBD of the wheel, Fig. a, only force T does work. 
This work is positive since T is required to displace vertically downward, 
sr = Or = 4(27)(0.4) = 3.27 m. 


Ur = Tsp = 20(3.27) = 64r J 
Principle of Work and Energy. 
T + 5U = T 
0 + 647 = 0.9 œ? 
w = 14.94 rad/s = 14.9 rad/s 
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Z0(F-B1)N 


Ans: 
w = 14.9 rad/s 
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*18-12. 


Determine the velocity of the 50-kg cylinder after it has 
descended a distance of 2 m. Initially, the system is at rest. 
The reel has a mass of 25 kg and a radius of gyration about its 
center of mass A of k4 = 125 mm. 


SOLUTION 
Tı + XUi-2 = Ta 


0 + 50(9.81)(2) = Feso gis ) 


1 
Po (50) v? 


v = 4.05 m/s 


Ans: 
v = 4.05 m/s 
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18-13. 


The 10-kg uniform slender rod is suspended at rest when 
the force of F = 150 N is applied to its end. Determine the 
angular velocity of the rod when it has rotated 90° clockwise 
from the position shown. The force is always perpendicular 
to the rod. 


SOLUTION 


Kinetic Energy. Since the rod starts from rest, T, = 0. The mass moment of inertia 


1 
of the rod about O is h = pA) + 10(1.5?) = 30.0 kg- m°. Thus, 


1 1 
h= A = z 30.0) o? = 15.0 a 


Work. Referring to the FBD of the rod, Fig. a, when the rod undergoes an angular 


displacement 6, force F does positive work whereas W does negative work. When 


0 = 90°, Sy = 1.5 mand Sp = ar =( 


3 
: = > m. Thus 


Up = 150 =) = 2257 J 
Uw = —10(9.81)(1.5) = —147.15 J 


Principle of Work and Energy. 
T +202 = Th 
225m + (—147.15) = 15.0 œ? 
œw = 6.1085 rad/s = 6.11 rad/s 


Ans: 
w = 6.11 rad/s 
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18-14. 


The 10-kg uniform slender rod is suspended at rest when 
the force of F = 150 N is applied to its end. Determine the 
angular velocity of the rod when it has rotated 180° 
clockwise from the position shown. The force is always 
perpendicular to the rod. 


SOLUTION 


Kinetic Energy. Since the rod starts from rest, T} = 0. The mass moment of inertia 


1 
of the rod about O is h = B (10)(3?) + 10(1.5?) = 30.0 kg - m’. Thus, 


1 1 
H= 7 ho = 7 30.0) wo = 15.00 


Work. Referring to the FBD of the rod, Fig. a, when the rod undergoes an angular 
displacement 0, force F does positive work whereas W does negative work. When 
0 = 180°, Sw = 3m and Sr = Or = 7(3) = 3m m. Thus 


Up = 150(37r) = 4507 J 
Uw = —10(9.81)(3) = —294.3 J 

Principle of Work and Energy. Applying Eq. 18, 
T+ Uj. = Th 


4507 + (—294.3) = 15.0 œ? 
w = 8.6387 rad/s = 8.64 rad/s 
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Ans 


o= 


"8.64 rad/s 
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18-15. 


The pendulum consists of a 10-kg uniform disk and a 3-kg 
uniform slender rod. If it is released from rest in the position 
shown, determine its angular velocity when it rotates 
clockwise 90°. 


SOLUTION 


Kinetic Energy. Since the assembly is released from rest, initially, 
T, = 0. The mass moment of inertia of the assembly about A is 


= FOP) + 3(P) | + [a004 + 10(2.4?) | = 62.4 kg- m?. Thus, 


1 1 
D= AG = 3 (62.4) w = 3120 


Work. Referring to the FBD of the assembly, Fig. a. Both W, and W, do positive 
work, since they displace vertically downward S, = 1 mand S4 = 2.4 m, respectively. 
Also, couple moment M does positive work 
Uy, = W,S, = 3(9.81)(1) = 29.43 J 
Uw, = WiSa = 10(9.81)(2.4) = 235.44 J 


Uy = Mo = 20(Z) = 15aJ 
Principle of Work and Energy. 
T + 2U,». h 


29.43 + 235.44 + 15r = 31.2 0° 
w = 3.1622 rad/s = 3.16 rad/s 


Ay 


A) 
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Ans: 
w = 3.16 rad/s 
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*18-16. 


A motor supplies a constant torque M = 6kN-m to the 
winding drum that operates the elevator. If the elevator has a 
mass of 900 kg, the counterweight C has a mass of 200 kg, and 
the winding drum has a mass of 600 kg and radius of gyration 
about its axis of k = 0.6m, determine the speed of the 
elevator after it rises 5 m starting from rest. Neglect the mass 
of the pulleys. 


SOLUTION 


Ti 


0+ 6o00) — 900(9.81)(5) + 200(9.81)(5) = Z000 + Z200 


+ 160000.6]? 


v = 2.10 m/s 


Ans: 
v = 2.10 m/s 
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18-17. 


The center O of the thin ring of mass m is given an angular 
velocity of wo. If the ring rolls without slipping, determine 
its angular velocity after it has traveled a distance of s down 
the plane. Neglect its thickness. 


SOLUTION 
Ti + ZU =T, 


1 1 
zor + mr’)wo” + mg(s sind) = z0r + mro? 


| E&E 
w=, + ome 


E&E 
wp + =s sin 0 
r 
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18-18. 


The wheel has a mass of 100 kg and a radius of gyration 
of kg =02m. A motor supplies a _ torque 
M = (400 + 900) N-m, where @ is in radians, about the 
drive shaft at O. Determine the speed of the loading car, 
which has a mass of 300 kg, after it travels s = 4 m. Initially 
the car is at rest when s = 0 and 0 = 0°. Neglect the mass of 
the attached cable and the mass of the car’s wheels. 


SOLUTION 

s = 0.30 =4 

0 = 13.33 rad 

T + LU,_-2 = Th 


13.33 2 
1 1 ve 

[0 + 0] + f (400 + 900)d9 — 300(9.81) sin 30° (4) = 5 (300)v? + +} 100(0.20) (26) 
r ; 


vc = 7.49 m/s Ans. 


Ans: 
Vc = 7.49 m/s 
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18-19. 


The rotary screen S is used to wash limestone. When empty 
it has a mass of 800 kg and a radius of gyration of 
kg = 1.75 m. Rotation is achieved by applying a torque of 
M = 280 N-m about the drive wheel at A. If no slipping 
occurs at A and the supporting wheel at B is free to roll, 
determine the angular velocity of the screen after it has 
rotated 5 revolutions. Neglect the mass of A and B. 


SOLUTION 
Ts + $U = Th 


0 + 280(64) = 18000.75) w 


65(2) = 04(0.3) 
S(2m)(2) = 04(0.3) 
64 = 209.4 rad 
Thus 


w = 6.92 rad/s 


930 


Ans: 
w = 6.92 rad/s 
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*18-20. 


If P = 200 N and the 15-kg uniform slender rod starts from 
rest at 0 = 0°, determine the rod’s angular velocity at the 
instant just before 0 = 45°. 


SOLUTION 


Kinetic Energy and Work: Referring to Fig. a, 


FAJIC = 0.6 tan 45° = 0.6 m 


= V 0.3? + 0.6 = 0.6708 m 


(vg)2 = @2rGjic = ©2(0.6708) 


hse ; i 1 
The mass moment of inertia of the rod about its mass center is Iç = p” 
1 


= (15)(0.6°) = 0.45 kg- m?. Thus, the final kinetic energy is 


1 1 
D" = z mada" T 3 Ic w? 


W=1519.81) N 


= 5 (15)0v9(0.6708) + 5 (0.45) w 


= 3.602 


Since the rod is initially at rest, 7, = 0. Referring to Fig. b, N4 and Nz do no work, 
while P does positive work and W does negative work. When 0 = 45°, P displaces 
through a horizontal distance sp = 0.6m and W displaces vertically upwards 
through a distance of h = 0.3 sin 45°, Fig. c. Thus, the work done by P and W is 


Up = Psp = 200(0.6) = 120 J 
Uw = -Wh = —15(9.81)(0.3 sin 45°) = —31.22 J 
Principle of Work and Energy: 


Ti F XU -2 = T 


0 + [120 — 31.22] = 3.6%? 


w = 4.97 rad/s 


Ans: 
œ = 4.97 rad/s 
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18-21. 


A yo-yo has a weight of 0.3 lb and a radius of gyration 
kg = 0.06 ft. If it is released from rest, determine how far it 
must descend in order to attain an angular velocity 
w = 70 rad/s. Neglect the mass of the string and assume 
that the string is wound around the central peg such that the 
mean radius at which it unravels is r = 0.02 ft. 


SOLUTION 
vg = (0.02)70 = 1.40 ft/s 


t XU = T2 


+ (0.3)(s) = (23 Jas + + (0.06) (23) |aop 


s = 0.304 ft 


Ans: 
s = 0.304 ft 
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18-22. 


If the 50-lb bucket is released from rest, determine its 
velocity after it has fallen a distance of 10 ft. The windlass A 
can be considered as a 30-lb cylinder, while the spokes are 
slender rods, each having a weight of 2 lb. Neglect the 
pulley’s weight. 


SOLUTION 


Kinetic Energy and Work: Since the windlass rotates about a fixed axis, vc = war, 
v v 

or w4 = T 7 = 2vc. The mass moment of inertia of the windlass about its 

FA 5 


mass center is 


1/ 30 if 2 2 
I4 = (2 (0s) i di (es) + (0:75) = 0.2614 slug: ft? 


Thus, the kinetic energy of the system is 
T=T4+T¢e 


1 1 
za F zc? 


1 za -30 3 
= (0. + —(—— 
7 (0.2614)(2vc) Ga 


1.2992v¢7 


Since the system is initially at rest, 7; = 0. Referring to Fig. a, W,, A,, A,, and Rg 
do no work, while Wọ does positive work. Thus, the work done by Wọ, when it 
displaces vertically downward through a distance of sc = 10 ft, is 


Uw, = Wesc = 50(10) = 500 ft Ib 


Cc 
Principle of Work and Energy: 
Tı +F XU = T> 

0 + 500 = 1.2992v,? 


vc = 19.6 ft/s 
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Ans: 
Uc = 19.6 ft/s 
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18-23. 


The coefficient of kinetic friction between the 100-Ib disk 
and the surface of the conveyor belt is ma = 0.2. If the 
conveyor belt is moving with a speed of vc = 6 ft/s when 
the disk is placed in contact with it, determine the number Uc = 6 ft/s 
of revolutions the disk makes before it reaches a constant 


pace i . 
angular velocity. @ © © © © © © © © © & 


SOLUTION 


Equation of Motion: In order to obtain the friction developed at point A of the 
disk, the normal reaction N4 must be determine first. 


+TXF, = m(ag)y; N-100=0 N= 1001b 


Work: The friction F; = ux N = 0.2(100) = 20.01b develops a constant couple 
moment of M = 20.0(0.5) = 10.0 lb-ft about point O when the disk is brought in 
contact with the conveyor belt. This couple moment does positive work of 
U = 10.0(@) when the disk undergoes an angular displacement 6. The normal 
reaction N, force Fop and the weight of the disk do no work since point O does not 
displace. 


Principle of Work and Energy: The disk achieves a constant angular velocity 
when the points on the rim of the disk reach the speed of that of the conveyor 


belt, ie; vce =6ft/s. This constant angular velocity is given by 


7 = 057 12.0 rad/s. The mass moment inertia of the disk about point O is 
1 
2 


lo = 


1 / 100 
mr? = 5 & (0. = 0.3882 slug - ft?. Applying Eq.18-13, we have 


T+ SU. =T) 
04+U = Aloo? 
= zlow 


1 
0 + 10.00 = = (0.3882) (12.0?) 


1 rev 


= 2.80 rad X 
á = (= rad 


) = 0.445 rev 


Ans: 
8 = 0.445 rev 
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*18-24, 


The 30-kg disk is originally at rest, and the spring is 
unstretched. A couple moment of M = 80N:m is then 
applied to the disk as shown. Determine its angular velocity 
when its mass center G has moved 0.5 m along the plane. 
The disk rolls without slipping. 


SOLUTION 


Kinetic Energy. Since the disk is at rest initially, 7, = 0. The disk rolls without 


slipping. Thus, vg = w, = o(0.5). The mass moment of inertia of the disk about its 


1 1 
center of gravity Gis Ig = zim = 3 (30)(0.5") = 3.75 kg * m°. Thus, 


1 1 
T ale w + zM 


6TA + Z GOlo(0.5)P 
5.625 w* 


Work. Since the disk rolls without slipping, the friction F; does no work. Also when 
the center of the disk moves Sg = 0.5 m, the disk rotates 0 = = = 5 = 1.00 rad. 
Here, couple moment M does positive work whereas the spring force does negative 
work. 

Uy = M9 = 80(1.00) = 80.0 J 


Ur 


1 1 
p ako? = ——(200)(0.57) = —25.0J 


2 

Principle of Work and Energy. 
T + U= Th 
0 + 80 + (—25.0) = 5.625 w* 
w = 3.127 rad/s = 3.13 rad/s 
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Ans: 
w = 3.13 rad/s 
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18-25. 


The 30-kg disk is originally at rest, and the spring is 
unstretched. A couple moment M = 80N:m is then 
applied to the disk as shown. Determine how far the center 
of mass of the disk travels along the plane before it 
momentarily stops. The disk rolls without slipping. 


SOLUTION 


Kinetic Energy. Since the disk is at rest initially and required to stop finally, 
T — Th = 0. 


Work. Since the disk rolls without slipping, the friction F; does no work. Also, when 
s SG 

the center of the disk moves sg, the disk rotates 0 = a me = 2 sq. Here, couple 
r : 

moment M does positive work whereas the spring force does negative work. 


Uy = M0 = 80(2s¢) = 160 sg 


1 1 
Urp = -36 = —5(200) s6 = -100 5% 


Principle of Work and Energy. 
T + LU;_. = Th 
0 + 160 sg + (—100s2,) 
160 sg — 100 s4 
sg(160 — 100 sg) 
Since sg # 0, then 
160 — 100 sç = 0 


SG 7 1.60 m 


936 
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18-26. 


Two wheels of negligible weight are mounted at corners A 
and B of the rectangular 75-lb plate. If the plate is released 
from rest at 0 = 90°, determine its angular velocity at the 
instant just before 0 = 0°. 


SOLUTION 
Kinetic Energy and Work: Referring Fig. a, 


(vg)2 = orac = o( vars + 13) = 1.677%? 


The mass moment of inertia of the plate about its mass center is 


1 Zap 1 ( 5) 2 4 32) = 2 ‘ 
ma + b°) AED (1.54 + 3°) = 2.1836 slug: ft“. Thus, the final 


kinetic energy is 


Ig = 


1 1 
Tn = z"o) + zor 


1/75 il 
= H(I asro? + 710 (21836)w 


= 4.36720" 


Since the plate is initially at rest, 7, = 0. Referring to Fig. b, N4 and Nz do no work, 
while W does positive work. When 0 = 0°, W displaces vertically through a distance 
of h = V0.75* + 1.5° = 1.677 ft, Fig. c. Thus, the work done by W is 


Uw = Wh = 75(1.677) = 125.78 ft Ib 
Principle of Work and Energy: 

Ti + EU =T, 

0 + 125.78 = 4.3672w," 

œ = 5.37 rad/s 
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œ = 5.37 rad/s 
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18-27. 


The link AB is subjected to a couple moment of 
M = 40N-m. If the ring gear C is fixed, determine the 
angular velocity of the 15-kg inner gear when the link has 
made two revolutions starting from rest. Neglect the mass 
of the link and assume the inner gear is a disk. Motion 
occurs in the vertical plane. 


SOLUTION 

Kinetic Energy. The mass moment of inertia of the inner gear about its center 
B is Ip = im? = 5(15)(0.152) = 0.16875 kg- m°. Referring to the kinematics 
diagram of the gear, the velocity of center B of the gear can be related to the gear’s 


angular velocity, which is 


UR = @rB/ICs UR = (0.15) 


1 1 
T= zeo + 7M6 


= 5 (0.16875) 0? + 3(1S)Le(0.15)P 


= 0.253125 w* 
Since the gear starts from rest, T}, = 0. 


Work. Referring to the FBD of the gear system, we notice that M does positive 
work whereas W does no work, since the gear returns to its initial position after 
the link completes two revolutions. 


Uy = My = 40[2(277)] = 1607 J 
Principle of Work and Energy. 

T, + 2U;_2 = Th 

0 + 1607 = 0.253125 w° 

w = 44.56 rad/s = 44.6 rad/s 


we /6CF3!) 


Ans: 
w = 44.6 rad/s 
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*18-28. 


The 10-kg rod AB is pin-connected at A and subjected to 
a couple moment of M = 15 Nem. If the rod is released 
from rest when the spring is unstretched at 0 = 30°, 
determine the rod’s angular velocity at the instant 0 = 60°. 
As the rod rotates, the spring always remains horizontal, 
because of the roller support at C. 


SOLUTION 


Free Body Diagram: The spring force F p does negative work since it acts in the 
opposite direction to that of its displacement s,,, whereas the weight of the 
cylinder acts in the same direction of its displacement s, and hence does positive 
work. Also, the couple moment M does positive work as it acts in the same 
direction of its angular displacement 0. The reactions A, and A, do no work since 
point A does not displace. Here, s,, = 0.75 sin 60° — 0.75 sin 30° = 0.2745 m and 
Sw = 0.375 cos 30° — 0.375 cos 60° = 0.1373 m. 


Principle of Work and Energy: The mass moment of inertia of the cylinder about 


1 2 4 ea 1 2 2) = 2 
7z "P + md? = 5,(10)(0.75?) + 10(0.375?) = 1.875 kg- m’. 


Applying Eq.18-13, we have 


point A is l4 = 


Ti + XU = T 


1 1 
5 KSP = slaw 


T T 


3 6 


0 + 10(9.81)(0.1373) 4 15( 


) 5(40)( 0.2745?) = 3(1.875) w? 


w = 4.60 rad/s 


939 


Ans: 
w = 4.60 rad/s 
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18-29. 


The 10-lb sphere starts from rest at 0 = 0° and rolls without 
slipping down the cylindrical surface which has a radius of 
10 ft. Determine the speed of the sphere’s center of mass 
at the instant 6 = 45°. 


SOLUTION 


Kinematics: 
VG = 0.50G 


Tı F DU, -2 = T 


1/10 1[2 
0 + 10(10.5)(1 — cos 45°) = 5 Gal J ( 


vg = 11.9 ft/s 


940 


Ans: 
vg = 11.9 ft/s 
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18-30. 


Motor M exerts a constant force of P = 750 N on the rope. 
If the 100-kg post is at rest when 0 = 0°, determine the 
angular velocity of the post at the instant 0 = 60°. Neglect 
the mass of the pulley and its size, and consider the post as a 
slender rod. 


SOLUTION 


Kinetic Energy and Work: Since the post rotates about a fixed axis, vg = wrg = (1.5). 
The mass moment of inertia of the post about its mass center is 


1 
Ig = 1p (100)(3") = 75 kg: m*. Thus, the kinetic energy of the post is 
1 1 
T= z + o 


ZO) [o(1.5)} + 0o 
= 150%? 


1 
This result can also be obtained by applying T = zB where Ig= 


1 
7p (100)(3") + 100(1.5”) = 300 kg: m°. Thus, 


1 1 
i= zine” = 7 60? = 150%? 


Since the post is initially at rest, 7, = 0. Referring to Fig. a, B,, B,, and Rç do no 
work, while P does positive work and W does negative work. When 0 = 60°, 
P displaces sp = A’C — AC, where AC = V4? + 3? — 2(4)(3) cos 30° = 2.053 m 


and A'C = V4? + 3? = 5m. Thus, sp = 5 — 2.053 = 2.947 m. Also, W displaces 
vertically upwards through a distance of h = 1.5 sin 60° = 1.299 m. Thus, the work 
done by P and W is 


Up = Psp = 750(2.947) = 2210.14 J 

Uy = -Wh = —100(9.81)(1.299) = —1274.36 J 
Principle of Work and Energy: 

Tı + LU,» = T3 

0 + [2210.14 — 1274.36] = 150%? 

w = 2.50 rad/s 
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Ans: 
w = 2.50 rad/s 
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18-31. 


The linkage consists of two 6-kg rods AB and CD and a 
20-kg bar BD. When 0 = 0°, rod AB is rotating with an 
angular velocity w = 2 rad/s. If rod CD is subjected to a 
couple moment of M = 30N-m, determine w,, at the 
instant 0 = 90°. 


SOLUTION 


Kinetic Energy. The mass moment of inertia of each link about the axis of rotation 
1 
isl, = pOr) + 6(0.5?) = 2.00 kg: m. The velocity of the center of mass of the 


bar is vg = wr = w(1). Thus, 


= 2| Ze] + Fo 


= 12.0% 
Initially, @ = 2 rad/s. Then 
T, = 12.0(27) = 48.0 J 


Work. Referring to the FBD of the assembly, Fig. a, the weights 
W,, W. and couple moment M do positive work when the links 


undergo an angular displacement 9. When 0 = 90 = S rad, 
Uw, = Wisp = 20(9.81)(1) = 196.2 J 


Uw, = Wes, = 6(9.81)(0.5) = 29.43 J 


Uy = M0 = 20(Z) = 157J 


Principle of Work and Energy. 
T + 2U,-. = T 
48.0 + [196.2 + 2(29.43) + 157] = 12.0 07 
w = 5.4020 rad/s = 5.40 rad/s 


Ans: 
w = 5.40 rad/s 
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*18-32. 
The linkage consists of two 6-kg rods AB and CD and a 


20-kg bar BD. When 0 = 0°, rod AB is rotating with an 
angular velocity w = 2 rad/s. If rod CD is subjected to a 


couple moment M = 30 N- m, determine w at the instant 
0 = 45°. 


SOLUTION 


Kinetic Energy. The mass moment of inertia of each link about the axis of rotation 
1 
is I, = pO) + 6(0.57) = 2.00 kg: m°. The velocity of the center of mass of 


the bar is vg = wr = w(1). Thus, 


1 2 i | 1 2 
T=2 JAWA T g” ™PG 


1 1 
= 2| 52.000" + 7 DD? 
= 12.0%? 
Initially, @ = 2 rad/s. Then 
T, = 12.0(2) = 48.0 J 


Work. Referring to the FBD of the assembly, Fig. a, the weights 
W,, W, and couple moment M do positive work when the links 


undergo an angular displacement 0. when 0 = 45 = T rad, 
Uw, = W,sp = 20(9.81)(1 — cos 45°) = 57.47 J 


Uw, = Wes. = 6(9.81)[0.5(1 — cos 45°)] = 8.620 J 


Uy = Mo = 20(7) =757] 


Principle of Work and Energy. 
T + ÈU = nh 
48.0 + [57.47 + 2(8.620) + 7.57] = 12.0 07 
w = 3.4913 rad/s = 3.49 rad/s 
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Ans: 
w = 3.49 rad/s 
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18-33. 


The two 2-kg gears A and B are attached to the ends of a 
3-kg slender bar. The gears roll within the fixed ring gear C, 
which lies in the horizontal plane. If a 10-N-m torque is 
applied to the center of the bar as shown, determine the 
number of revolutions the bar must rotate starting from rest 
in order for it to have an angular velocity of w4g = 20 rad/s. 
For the calculation, assume the gears can be approximated by 
thin disks. What is the result if the gears lie in the vertical plane? 


SOLUTION 


Energy equation (where G refers to the center of one of the two gears): 


M0 =T, 


1 1 1 
100 = (7 Ice) + 25 mya (0200045) 1S Tapoan 


1 
Using Mgear = 2 kg, Ig = z (2)(0.150)? = 0.0225 kg - m?, 


200 


1 
lag D (3)(0.400)? = 0.0400 kg +m? and wgear = 150 AP 


200\? 
100 = 0.0225 (>) wp + 2(0.200)7w;, + 0.02000 p 


When w4g = 20 rad/s, 
0 = 5.60 rad 


= 0.891 rev, regardless of orientation 


944 


400 mm 


Ans: 
6 = 0.891 rev, 
regardless of orientation 
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18-34. 


The linkage consists of two 8-lb rods AB and CD and 
a 10-lb bar AD. When 0 = 0°, rod AB is rotating with an 
angular velocity w4g = 2 rad/s. If rod CD is subjected to a 
couple moment M = 15 lb: ft and bar AD is subjected to a 
horizontal force P = 20 lb as shown, determine w4pg at the 
instant 0 = 90°. 


SOLUTION 


T + LU,-2 = Th 


y Aa eng 
2) 51 oe] 35)? + [200 + 15(7) -200 - 100) a soe aN 


ee 8 er eee 0 : 
-zG ae a a 


w = 5.74 rad/s 


Ans: 
w = 5.74 rad/s 
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18-35. 


The linkage consists of two 8-lb rods AB and CD and 
a 10-lb bar AD. When 0 = 0°, rod AB is rotating with an 
angular velocity w4g = 2 rad/s. If rod CD is subjected to a 
couple moment M = 15 1b- ft and bar AD is subjected to a 
horizontal force P = 20 lb as shown, determine w,, at the 
instant 0 = 45°. 


SOLUTION 
T + $U = Th 


allaa) er}er] +3) 


+|20@ sin 45°) + 1(7) 2(8)(1 — cos 45°) — 10(2 — 2 cos 45°) 


Aie so 


w = 5.92 rad/s 


Ans: 
wag = 5.92 rad/s 
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*18-36. 


The assembly consists of a 3-kg pulley A and 10-kg pulley B. 
If a 2-kg block is suspended from the cord, determine the 
block’s speed after it descends 0.5 m starting from rest. 
Neglect the mass of the cord and treat the pulleys as thin 
disks. No slipping occurs. 


SOLUTION 
T+V=h+ Vy 


0] + [0] = 3] 408)(003) oh + Hago Jos + 52)(ve) — 2(9.81)(0.5) 


Uc = wg (0.1) = 0.030, 

Thus, 

wg = 10Vc 

wa = 33.33vc 

Substituting and solving yields, 


vc = 1.52 m/s 


Ans: 
vc = 1.52 m/s 
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18-37. 


The assembly consists of a 3-kg pulley A and 10-kg pulley B. 
If a 2-kg block is suspended from the cord, determine the 
distance the block must descend, starting from rest, in order 
to cause B to have an angular velocity of 6 rad/s. Neglect 
the mass of the cord and treat the pulleys as thin disks. No 
slipping occurs. 


SOLUTION 
Uc = WB (0.1) = 0.03 WA 


If wg = 6 rad/s then 
wa = 20 rad/s 
vc = 0.6 m/s 


heya he 


[0 4 0] + [0] = 3] 6008) eo + 4] aoo |" + 5(2)(0.6) — 2(9.81)s¢ 


Sc = 78.0 mm Ans. 


Ans: 
Sc = 78.0 mm 
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18-38. 


The spool has a mass of 50 kg and a radius of gyration 
ko = 0.280 m. If the 20-kg block A is released from rest, 
determine the distance the block must fall in order for the 
spool to have an angular velocity w = 5 rad/s. Also, what is 
the tension in the cord while the block is in motion? Neglect 
the mass of the cord. 


SOLUTION 
va = 0.2m = 0.2(5) = 1 m/s 


System: 
Tı F Vi = T> oF Va 
1 2,1 21(5)2 
[0 +0]+0= > (20)(1) + z [50(0.280)"](5)~ — 20(9.81) s 


s = 0.30071 m = 0.301 m T 


Block: 
2809. 8i)N 


Tı + XUi-2 = Ta 


0 + 20(9.81)(0.30071) — T (0.30071) = 5 (20)(17 


T = 163N 


Ans: 
s = 0.301 m 
T = 163 N 
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18-39. 


The spool has a mass of 50 kg and a radius of gyration 
ko = 0.280 m. If the 20-kg block A is released from rest, 
determine the velocity of the block when it descends 0.5 m. 


SOLUTION 


Potential Energy: With reference to the datum established in Fig. a, the gravitational 
potential energy of block A at position 1 and 2 are 


Vy Ve) Way = 20(9.81)(0) = 0 
Vo = (Va) = —Wayr 20(9.81)(0.5) = —98.1 J 


v 
Kinetic Energy: Since the spool rotates about a fixed axis, w = -= 02 
FA . 


Here, the mass moment of inertia about the fixed axis passes through point O is 
Io = mk” = 50(0.280)? = 3.92 kg + m°. Thus, the kinetic energy of the system is 
1 


1 
71o% F AvA 


1 
=(3.92)(5v4) + : 20)v 47 = 59v,7 
2 2 


Since the system is at rest initially, 7, = 0 
Conservation of Energy: 


T, + V,=T,+ V2 


0 = 59v,? + (—98.1) 
= 1.289 m/s 
1.29 m/s 


950 


Ans: 
va = 1.29 m/s 
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*18-40. 


An automobile tire has a mass of 7 kg and radius of gyration 
kg = 0.3 m. If it is released from rest at A on the incline, 
determine its angular velocity when it reaches the horizontal 
plane. The tire rolls without slipping. 


SOLUTION 


Datum at lowest point. 


T, + V= T+ V2 


0 + 7(9.81)(5) = 5 (7)(0.40) + si (0.3)"Jo” + 0 


w = 19.8 rad/s 


Ans: 
w = 19.8 rad/s 
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18-41. 


The spool has a mass of 20 kg and a radius of gyration of 
ko = 160 mm. If the 15-kg block A is released from rest, 
determine the distance the block must fall in order for the 
spool to have an angular velocity wœ = 8 rad/s. Also, what is 
the tension in the cord while the block is in motion? Neglect 
the mass of the cord. 


SOLUTION 


Kinetic Energy. The mass moment of inertia of the spool about its center 
O is h= mk = 20(0.16?) = 0.512kg-m*. The velocity of the block is 
Up = Osrs = @,(0.2). Thus, 


1 1 
F= zoe + zov 


20.51202 + FaSo 


= 0.55607 
Since the system starts from rest, 7, = 0. When w, = 8 rad/s, 
T, = 0.556(8?°) = 35.584 J 


Potential Energy. With reference to the datum set in Fig. a, the initial and final 
gravitational potential energy of the block are 


(V,)1 = mpgy, = 0 
(Va) = mpg (—y2) = 15(9.81)(—s,) = —147.15 5p 
Conservation of Energy. 
T.+V,=Th+V; 
0 + 0 = 35.584 + (—147.155,) 


Sp = 0.2418 m = 242 mm Ans. 


Principle of Work and Energy. The final velocity of the block is 
(Up)2 = (@,)2 r; = 8(0.2) = 1.60 m/s. Referring to the FBD of the block, Fig. b and 
using the result of S,, 


ht U9 =F 


0 + 15(9.81)(0.2418) — T(0.2418) = 3(15)(1.60") 


T = 67.75 N = 67.8N 
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18-42. 


The spool has a mass of 20 kg and a radius of gyration of 
ko = 160 mm. If the 15-kg block A is released from rest, 
determine the velocity of the block when it descends 
600 mm. 


SOLUTION 


Kinetic Energy. The mass moment of inertia of the spool about its center O 
is = mkj = 20(0.167) = 0.512 kg*m?. The angular velocity of the spool is 


Vv v 
SE a = 5v,. Thus, 


1 1 
= 5 hoo + 5 Mor 


1 1 
70.51250)? + z015 


13.90; 
Since the system starts from rest, T} = 0. 


Potential Energy. With reference to the datum set in Fig. a, the initial and final 
gravitational potential energies of the block are 


(V) = mgy = 0 
(V,)2 = mp gyr = 15(9.81)(—0.6) = —88.29 J 
Conservation of Energy. 


T, + V, = T, + Vp 


0 + 0 = 13.9u% + (—88.29) 
v, = 2.5203 m/s = 2.52 m/s 


Ans: 
v, = 2.52 m/s 
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18-43. 


A uniform ladder having a weight of 30 lb is released from 
rest when it is in the vertical position. If it is allowed to fall 
freely, determine the angle 0 at which the bottom end A 
starts to slide to the right of A. For the calculation, assume 
the ladder to be a slender rod and neglect friction at A. 


SOLUTION 


Potential Energy: Datum is set at point A. When the ladder is at its initial and final 
position, its center of gravity is located 5 ft and (5 cos 0 ) ft above the datum. Its 
initial and final gravitational potential energy are 30(5) = 150 ft-lb and 
30(5 cos 6) = 150 cos @ ft-lb, respectively. Thus, the initial and final potential 
energy are 


V, = 150 ft-lb V = 150 cos @ ft-lb 


Kinetic Energy: The mass moment inertia of the ladder about point A is 


1/ 30 30 
I,= EG H (Z) = 31.06 slug: ft”. Since the ladder is initially at 


rest, the initial kinetic energy is T4 = 0. The final kinetic energy is given by 


1 1 
T, = za = 731.06)" = 15.5307 


Conservation of Energy: Applying Eq. 18-18, we have 
T, +V,=T,+ V2 
0 + 150 = 15.53w* + 150 cos 0 
w = 9.66(1 — cos 0) 


Equation of Motion: The mass moment inertia of the ladder about its mass center is 


1/ 30 
Ig = E = (10) = 7.764 slug ft”. Applying Eq. 17-16, we have 


+ IM, = =(M,)a; —30 sin 6(5) = —7.764a (Zeo 


a = 4.83 sin 0 


30 
SIF, = m(ag); A,= 39 919.6601 — cos @)(5)] sin 0 
30 

+ ee 


39 914-83 sin 0(5)] cos 0 


30 
— 32283 sin 0 — 48.3 sin 0 cos 0 — 24.15 sin @ cos 0) 


45.0 sin 0 (1 — 1.5 cos 0) = 0 
If the ladder begins to slide, then A, = 0. Thus, for 0 > 0, 
45.0 sin 0 (1 — 1.5 cos 0) = 0 


0 = 48.2° 
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*18-44, 


Determine the speed of the 50-kg cylinder after it has 
descended a distance of 2 m, starting from rest. Gear A has 
a mass of 10 kg and a radius of gyration of 125 mm about its 
center of mass. Gear B and drum C have a combined mass 
of 30 kg and a radius of gyration about their center of mass 
of 150 mm. 


SOLUTION 


Potential Energy: With reference to the datum shown in Fig. a, the gravitational 
potential energy of block D at position (1) and (2) is 
v= (Ve) = Wp(yp) = 50(9.81)(0) = 0 
Up Up 


Kinetic Energy: Since gear B rotates about a fixed axis, œg = — = D1 =10vp. 
rp < 
0.2 


T = )(100p) = 13.33up. 


The mass moment of inertia of gears A and B about their mass centers 
are I, = mak = 10(0.125*) =0.15625kg-m? and Jp, = mak,” = 30(0.157) 
= 0.675 kg - m’. Thus, the kinetic energy of the system is 


f 
Also, since gear A is in mesh with gear B, w4 = ( a -( 
TA 


mpv 


1 1 
T= T t 


2 oe t 


2 
1 2 1 2 1 2 
= 5 (0.15625)(13.33vp)? + 5 (0.675)(10vp)” + 5 (50)vp 


= 72.6390/~ 
Since the system is initially at rest, T4 = 0. 
Conservation of Energy: 
T, + V, =T,+ V2 
0 + 0 = 72.639," — 981 
Up = 3.67 m/s 
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Ans: 
Up = 3.67 m/s 
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18-45. 


The 12-kg slender rod is attached to a spring, which has an 
unstretched length of 2 m. If the rod is released from rest 
when 0 = 30°, determine its angular velocity at the instant 
0 = 90°. 


SOLUTION 


Kinetic Energy. The mass moment of inertia of the rod about A 


H= 202 (2) + 12(?) = 16.0 kg m?. Then 


1 1 
i ie zhao = 7060) = 8.00 w” 


Since the rod is released from rest, T, = 0. 


Potential Energy. With reference to the datum set in Fig. a, the gravitational 
potential energies of the rod at positions © and @ are 


(Va) = mg(—y) = 12(9.81)(—1 sin 30°) = —58.86 J 
(V,)2 = mg(—y2) = 12(9.81)(—1) = —117.72 J 

The stretches of the spring when the rod is at positions © and © are 
xı = 2(2 sin 75°) — 2 = 1.8637 m 
y= VĚ + 2-2 = 0.8284m 


Thus, the initial and final elastic potential energies of the spring are 


(V= has = 3(40)(1.8637") = 69.47 J 


1 1 
(Vh = 7 5(40)(0.8284") = 13.37) 


Conservation of Energy. 


T+V,= T+ V2 


0 + (58.86) + 69.47 = 8.00%? + (—117.72) + 13.73 
w = 3.7849 rad/s = 3.78 rad/s 


Ans: 
w = 3.78 rad/s 
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18-46. 


The 12-kg slender rod is attached to a spring, which has an 


unstretched length of 2 m. If the rod is released from rest 
when 0 = 30°, determine the angular velocity of the rod the 


instant the spring becomes unstretched. 


SOLUTION 


Kinetic Energy. The mass moment of inertia of the rod about A 


hS = (12)(2") + 12( °) = 16.0 kg: m°. Then 


il 1 
ey wv = 716.0) 0° = 8.00 a 


Since the rod is release from rest, T, = 0. 


Potential Energy. When the spring is unstretched, the rod is at position ®© shown in 
Fig. a. with reference to the datum set, the gravitational potential energies of the rod 
at positions © and © are 


(Va) = mg(—y 1) = 12(9.81)(—1 sin 30° ) = —58.86 J 
(V.)2 = mg(—y2) = 12(9.81)(—1 sin 60°) = —101.95 J 
The stretch of the spring when the rod is at position © is 
x = 2(2 sin 75°) — 2 = 1.8637 m 
It is required that x. = 0. Thus, the initial and final elastic potential energy of the 


spring are 


1 i 
(V,), = 3 ki = 3(40)(1.8637") = 69.47 J 


1 
(Von = 5 kx} = 0 


Conservation of Energy. 


T+V=h+ Vy 


0 + (58.86) + 69.47 = 8.00%? + (—101.95) + 0 


w = 3.7509 rad/s = 3.75 rad/s 
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Ans: 
w = 3.75 rad/s 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


18-47. 


The 40-kg wheel has a radius of gyration about its center of 
gravity G of kg = 250 mm. If it rolls without slipping, 
determine its angular velocity when it has rotated clockwise 
90° from the position shown. The spring AB has a stiffness 
k = 100 N/m and an unstretched length of 500 mm. The 
wheel is released from rest. 


SOLUTION 


Kinetic Energy. The mass moment of inertia of the wheel about its center of mass 
G is Ig = mk& = 40(0.25?) = 2.50 kg: m?, since the wheel rolls without slipping, 
UG = org = w(0.4). Thus 


1 
cS za + 7G 


1 1 
= 72-50)" + 7040) [o(0.4)P 
Since the wheel is released from rest, T) = 0. 


Potential Energy. When the wheel rotates 90° clockwise from position © 


to ©, Fig. a, its mass center displaces Sg = Org = 5 (0.4) = 0.2m m. Then 
x” = 1.5 — 0.2 — 0.277 = 0.6717 m. The stretches of the spring when the wheel is 


at positions © and © are 
x = 1.50 — 0.5 = 1.00 m 


xX = V0.67177 + 0.2? — 0.5 = 0.2008 m 


Thus, the initial and final elastic potential energies are 


1 1 
(V) = 5 kat = 5(100)(F) = 50J 


1 1 
VAE 3 3 (100) ( 0.2008") = 2.0165 J 


Conservation of Energy. 
T+V=h+ Vv 
0 + 50 = 4.45%” + 2.0165 
w = 3.2837 rad/s = 3.28 rad/s 


Ans: 
w = 3.28 rad/s 
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18-48. 


The assembly consists of two 10-kg bars which are pin 
connected. If the bars are released from rest when 0 = 60°, 
determine their angular velocities at the instant 0 = 0°. The 
5-kg disk at C has a radius of 0.5 m and rolls without slipping. 


SOLUTION 


Kinetic Energy. Since the system is released from rest, T} = 0. Referring to the 
kinematics diagram of bar BC at the final position, Fig. a, we found that IC is located 
at C. Thus, (ve)2 = 0. Also, 


(ws) = (@Bc)2 TB/ICs (vp)2 = (@Bc)2(3) 
(va) = (@Bc)2 FGG (va) = (wgch(1.5) 
Then for bar AB, 
(vs) = (was) ras; (w@gBc)) = (@a4z)2(3) 
(was) = (@gc)2 


For the disk, since the velocity of its center (v,). = 0, then (wg). = 0. Thus 


1 
5m,(VG)3 


1 1 
T = = 1y(@ag)3 + z 100s) + J 


2; 
- Hao h B+ 1 Fao) | EROON 
213 MBCA T STD Ga aa aa 


30.0(wpc)5 


Potential Energy. With reference to the datum set in Fig. b, the initial and final 
gravitational potential energies of the system are 


(V,)1 = 2mgy, = 2[10(9.81)(1.5 sin 60°)] = 254.87 J 
(V.)2 = 2mgyr = 0 
Conservation of Energy. 
Ae Y= Ty Vy 
0 + 254.87 = 30.0(wg0)5 + 0 
(@gc)2 = 2.9147 rad/s = 2.91 rad/s 


(wag) = (wgc)h = 2.91 rad/s 


= 2.91 rad/s 
= 2.91 rad/s 
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18-49. 


The assembly consists of two 10-kg bars which are pin 
connected. If the bars are released from rest when 
0 = 60°, determine their angular velocities at the instant 
0 = 30°. The 5-kg disk at C has a radius of 0.5 m and rolls 
without slipping. 


SOLUTION 


Kinetic Energy. Since the system is released from rest, 7} = 0. Referring to the 
kinematics diagram of bar BC at final position with JC so located, Fig. a, 


ejic = toc = 3M rojic = 3 sin 60° = 15V3m 


(vp). = (@ec)2rayic: (Weh = (wac)a(3) 
(von = (ec)arenc: Weh = (Wada) 
woh = (wzdarojtcs Woh = (waon(1.5V3) 

Then for rod AB, 

(vs) = (@as)otasi — (ac)2(3) = (was) 203) 


(wag) = (@gc)2 


For the disk, since it rolls without slipping, 
(we) = (wara; (@gc)2(3) = (wa)2(0.5) 
(wa) = 6(Bc)2 


Thus, the kinetic energy of the system at final position is 


1 1 1 1 1 
h= AZE + zoles) + 7o) T ziloa} + za} 


2 
41 34003?) (oc + 3] GOO) koro? + 500) (oxdo(1.5V3) | 


+ Hoos) loro? + FOOF 
86.25(wac)s 


Potential Energy. With reference to the datum set in Fig. b, the initial and final 


gravitational potential energies of the system are 
(V) = 2mgy, = 2[10(9.81)(1.5 sin 60°)] = 254.87 J 


(V;)2 = 2mgy = 2[10(9.81)(1.5 sin 30°)] = 147.15 J 
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18-49. Continued 


Conservation of Energy. 


T+V,= T+ Vy 
0 + 254.87 = 86.25(wgc)s + 147.15 


(@gc)2 = 1.1176 rad/s = 1.12 rad/s 


(wag) = (wgch = 1.12 rad/s 
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Ans: 
(was) = (wgc)2 = 1.12 rad/s 
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18-50. 


The compound disk pulley consists of a hub and attached 
outer rim. If it has a mass of 3 kg and a radius of gyration 
kg = 45mm, determine the speed of block A after A 
descends 0.2 m from rest. Blocks A and B each have a mass 
of 2 kg. Neglect the mass of the cords. 


SOLUTION 
T,+Vi=T2.+ V2 


+ 0] = 5 (3(0.045)"Io" + $ (2)(0.080) + ; (2)(0.1w)* — 2(9.81)s4 + 2(9.81)sp 


SB = 0.3 SA 
Set s4 = 0.2m, sg = 0.06 m 
Substituting and solving yields, 


w = 14.04 rad/s 


v4 = 0.1(14.04) = 1.40 m/s 


Ans: 
va = 140 m/s 


962 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


18-51. 


The uniform garage door has a mass of 150 kg and is guided 
along smooth tracks at its ends. Lifting is done using the two 
springs, each of which is attached to the anchor bracket at A 
and to the counterbalance shaft at B and C. As the door is 
raised, the springs begin to unwind from the shaft, thereby 
assisting the lift. If each spring provides a torsional moment of 
M = (0.70) N-m, where 9 is in radians, determine the angle 
Oo at which both the left-wound and right-wound spring 
should be attached so that the door is completely balanced by 
the springs, i.e., when the door is in the vertical position and is 
given a slight force upwards, the springs will lift the door along 
the side tracks to the horizontal plane with no final angular 
velocity. Note: The elastic potential energy of a torsional 
spring is V, = 5k0’, where M = k0 and in this case 
k = 0.7 N- m/rad. 


SOLUTION 


Datum at initial position. 


Tit V, =T,+ V2 


0+ 2| 50.7) | + 0 = 0 + 150(9.81)(1.5) 


0o = 56.15 rad = 8.94 rev. 
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*18-52. 


The two 12-kg slender rods are pin connected and released 
from rest at the position 0 = 60°. If the spring has an 
unstretched length of 1.5 m, determine the angular velocity 
of rod BC, when the system is at the position 0 = 0°. Neglect 
the mass of the roller at C. 


SOLUTION 


Kinetic Energy. Since the system is released from rest, T, = 0. Referring to the 
kinematics diagram of rod BC at the final position, Fig. a we found that IC is located 
at C. Thus, (vc) = 0. Also, 


(vg) = (@Bc)2 TB/IC> (vp)2 = (@Bc)2(2) 

(wa) = (@Bc)2" Ic; (wah = (wac)2(1) 
Then for rod AB, 

(vg) = (wag) TAB; (@gc)2(2) = (wag)(2) 


(was) = (@Bc)2 


1 1 1 
= A + zoso) a 7o) 


1 30212) hoso? + THODA) koso? + ZOD 


16.0(wgc)3 


Potential Energy. With reference to the datum set in Fig. b, the initial and final 


gravitational potential energies of the system are 


(Va) = 2mgy, = 2[12(9.81)(1 sin 60°)] = 203.90 J 
(Ve) = 2mgy = 0 
The stretch of the spring when the system is at initial and final position are 
x, = 2(2 cos 60°) — 1.5 = 0.5m 
w= 4-15 = 2.50m 


Thus, the initial and final elastic potential energies of the spring is 


(V,), = = 3(20)(0.5%) = 2.50] 


(V2 = 3(20)(2.50") = 62.5 J 
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18-52. Continued 


Conservation of Energy. 


+Ws ht V2 


0 + (203.90 + 2.50) = 16.0(wgc)3 + (0 + 62.5) 


(@gc)2 = 2.9989 rad/s = 3.00 rad/s 


Ans: 
(wgch = 3.00 rad/s 
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18-53. 


The two 12-kg slender rods are pin connected and released 
from rest at the position 0 = 60°. If the spring has an 
unstretched length of 1.5 m, determine the angular velocity 
of rod BC, when the system is at the position 6 = 30°. 


SOLUTION 


Kinetic Energy. Since the system is released from rest, T, = 0. Referring to the 
kinematics diagram of rod BC at final position with JC so located, Fig. a 


TB/IC 7 Toc = 2M rojic = 2 sin 60° = V3m 


(Vs) = (@Bc)2"Byic} (Vg) = (@pc)2(2) 

(Vo) = (@Bc)2 "cic (Vc) = (wpc)2(2) 

(Voh = (@gc)2"G/IC; (Voh = (waco V3) 
Then for rod AB, 

(Vs)2 = (@aB)21 AB; (wgc)2(2) = (wap)a(2) 


(wash = (Bc)2 


1 f 1 
zla@as)2 + zle(ae)3 + xm Vaya 


HDP) koso? + TEOD) kosok + $(12)[(@acnV3P 


= 28.0(wgc)3 


Potential Energy. With reference to the datum set in Fig. b, the initial and final 


gravitational potential energy of the system are 
(V,)1 = 2mgy, = 2[12(9.81)(1 sin 60°)] = 203.90 J 
(V) = 2mgyy = 2[12(9.81)(1 sin 30°)] = 117.72 J 
The stretch of the spring when the system is at initial and final position are 
x, = 2(2 cos 60°) — 1.5 = 0.5m 
X = 2(2 cos 30°) — 1.5 = 1.9641 m 


Thus, the initial and final elastic potential energy of the spring are 


(V) = = 3(20(0.52) = 2.50J 


(Veo = 3(20)( 1.9648) = 38.58 J 
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18-53. Continued 


Conservation of Energy. 


T+V=ht+ Vy 


0 + (203.90 + 2.50) = 28.0(wac)} + (117.72 + 38.58) 


@gc = 1.3376 rad/s = 1.34 rad/s 


Ans: 
@gc = 1.34 rad/s 
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18-54. 


If the 250-Ib block is released from rest when the spring is 0.375 ft 
unstretched, determine the velocity of the block after it has k = 75 lb/ft > 
descended 5 ft. The drum has a weight of 50 Ib and a radius 
of gyration of kg = 0.5 ft about its center of mass O. 


SOLUTION 


Potential Energy: With reference to the datum shown in Fig. a, the gravitational 
potential energy of the system when the block is at position (1) and (2)is 


(V.)1 = W(¥G)1 = 250(0) = 0 
(V.)2 = -W (yc) = —250(5) = —1250 ft Ib 
When the block descends s, = 5ft, the drum rotates through an angle of 
Sh 5 


— = —_~ = 6.667 rad. Thus, the stretch of the spring is x = s + 59 = 
lp 0.75 


rsp0 + 0 = 0.375(6.667) = 2.5 ft. The elastic potential energy of the spring is 


1 1 
V) = z 7s (75)(2.57) = 234.375 ft + Ib 


Since the spring is initially unstretched, (V.); = 0. Thus, 


Vi = (Ve) (Ve) =0 


Va = (Va) + (Ve) = —1250 + 234.375 = —1015.625 ft - Ib 


Kinetic Energy: Since the drum rotates about a fixed axis passing through point O, 
v v 
== a = 1.333u,. The mass moment of inertia of the drum about its mass 
lp . 
50 


32.2 


center is Io = mko? = 


(037) = 0.3882 slug - ft”. 


1 1 
> Tow" T 2 Mvp 


1 
s (0.3882)(1.333vp)? + 5 


= 4.22710," 


Since the system is initially at rest, T4 = 0. 
T, + Vi, =T2.+ V2 
0 + 0 = 4.2271v,” — 1015.625 
v, = 15.5 ft/s 4 


Ans: 
vp = 15.5 ft/s 
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18-55. 


The slender 15-kg bar is initially at rest and standing in the 
vertical position when the bottom end A is displaced slightly 
to the right. If the track in which it moves is smooth, 
determine the speed at which end A strikes the corner D. 
The bar is constrained to move in the vertical plane. Neglect 
the mass of the cord BC. 


SOLUTION 
L y = 52 


0- yaw 
Thus, y = 4.1429 m 
x = 2.7994 m 
(5 = (4? + (1? — 2(4)(7) cos ġ 
p = 44.42° 


k? = (2) + (7) — 2(2)(7) cos 44.42° 
h = 5.745 m 
fot = 1a + V 


T= oe 
2 


0 + 147.15(2) = eee + H(IS)(S.7450)" + 147.15( 


w = 0.5714 rad/s 
va = 0.5714(7) = 4.00 m/s 


Ans: 
va = 4.00 m/s 
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*18-56. 


If the chain is released from rest from the position shown, 
determine the angular velocity of the pulley after the end B 
has risen 2 ft. The pulley has a weight of 50 lb and a radius of 
gyration of 0.375 ft about its axis. The chain weighs 6 lb/ft. 


SOLUTION 


Potential Energy: (voi) =2 ft, (yG2)1 =3 ft, (Yah = 1ft, and (¥G2)2 = 4ft. With 
reference to the datum in Fig. a, the gravitational potential energy of the chain at 
position (1) and (2)is 


Y= (Vo) = Wi(yci) 7 Wya) 

= —6(4)(2) — 6(6)(3) = —156 ft-lb 
V = (V) = Wici) + Wyo) 

= —6(2)(1) — 6(8)(4) = —204 ft-lb 


Kinetic Energy: Since the system is initially at rest, 7, = 0. The pulley rotates about 
a fixed axis, thus, (Vi) = (VG2)2 = œr = (0.5). The mass moment of inertia of 


50 
2 = —— (0.3757) = 0.2184 slug - ft”. Thus, the 


the pulley about its axis is 1g = mko 300 


final kinetic energy of the system is 


1 1 1 
T= 2 Tow 2 F 2 m (Voih? ca 2 my (Vo 


1 1 
= = (0.2184)w? + = 


1 6(0.5)(7) 
~ 2 2 


Ee 6(8) 
32.2 


S Toxo. + | Soleo + ;| 


Inos? 


= 0.3787w 7 


Conservation of Energy: 
T, + V,=7T,+ V2 
0+ (-156) = 0.3787% = (—204) 
w, = 11.3 rad/s 


Ans: 
œ, = 11.3 rad/s 
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18-57. 


If the gear is released from rest, determine its angular 
velocity after its center of gravity O has descended a 
distance of 4 ft. The gear has a weight of 100 lb and a radius 
of gyration about its center of gravity of k = 0.75 ft. 


SOLUTION 


Potential Energy: With reference to the datum in Fig. a, the gravitational potential 
energy of the gear at position (1) and (2)is 


Vi = Vz) = Wo), = 10000) = 0 


Kinetic Energy: Referring to Fig. b, we obtain vo = wrg;;c = w(1).The mass moment 


100 
32.2 


of inertia of the gear about its mass center is Ig = mko? = 


Thus, 


1 
2 mvo F 2 Tow? 


E (£ )ewr + 5 (1.7469) 


= 2.4262% 


Since the gear is initially at rest, T4 = 0. 
Conservation of Energy: 

T, + V,=7T.+ V2 

0 + 0 = 2.4262w* — 400 

w = 12.8 rad/s 
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(0.757) = 1.7469 kg+ m2. 


Ans: 
w = 12.8 rad/s 
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18-58. 


The slender 6-kg bar AB is horizontal and at rest and the 
spring is unstretched. Determine the stiffness k of the spring 
so that the motion of the bar is momentarily stopped when 
it has rotated clockwise 90° after being released. 


SOLUTION 


Kinetic Energy. The mass moment of inertia of the bar about A is 


L = 5(6)(2") + 6(1) = 8.00 kg: m’. Then 


1 1 
T= zl ow = 7 (8.00) wo = 4.00 a” 


Since the bar is at rest initially and required to stop finally, 7, = T, = 0. 


Potential Energy. With reference to the datum set in Fig. a, the gravitational 


potential energies of the bar when it is at positions © and @ are 


(Va) = mgy; = 0 
(V2 = mgy, = 6(9.81)(-1) = —58.86 J 


The stretch of the spring when the bar is at position @ is 
wm = VP + 3.5 — 1.5 = 2.5311 m 


Thus, the initial and final elastic potential energy of the spring are 


(Ve) = 


1 
(Vh = 3k(2.5318) = 3.2033k 


Conservation of Energy. 
T+V=ht+ Vy 
0+ (0 + 0) = 0 + (—58.86) + 3.2033k 
k = 18.3748 N/m = 18.4N/m 


Ans: 
k =184N/m 
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18-59. 


The slender 6-kg bar AB is horizontal and at rest and the 
spring is unstretched. Determine the angular velocity of the 
bar when it has rotated clockwise 45° after being released. 
The spring has a stiffness of k = 12 N/m. 


SOLUTION 


Kinetic Energy. The mass moment of inertia of the bar about A 
1 
I4 = 55(6)(2?) + 6(P) = 8.00 kg: mè. Then 


1 1 
a wo = 7 (8.00) w = 4.00 w 


Since the bar is at rest initially, 7) = 0. 


Potential Energy. with reference to the datum set in Fig. a, the gravitational potential 
energies of the bar when it is at positions ® and © are 


(V) = mgy, = 0 
(V) = mgyy = 6(9.81)(1 sin 45°) = —41.62 J 


From the geometry shown in Fig. a, 
1.5 
a= V? +15 =25m ¢= an (+5) = 36.87° 


Then, using cosine law, 


L = V2.5? + 2 — 2(2.5)(2) cos (45° + 36.87°) = 2.9725 m 


Thus, the stretch of the spring when the bar is at position © is 
X = 2.9725 — 1.5 = 1.4725 m 


Thus, the initial and final elastic potential energies of the spring are 


1 
(Vo = shat = 0 


(V.)2 = 3(12)( 1.4725") = 13.01J 


Conservation of Energy. 


ry 14% 


0 + (0 + 0) = 4.00 œ? + (—41.62) + 13.01 
w = 2.6744 rad/s = 2.67 rad/s 
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Ans: 
w = 2.67 rad/s 
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*18-60. 


The pendulum consists of a 6-kg slender rod fixed to a 15-kg 
disk. If the spring has an unstretched length of 0.2 m, 
determine the angular velocity of the pendulum when it is 
released from rest and rotates clockwise 90° from the 
position shown. The roller at C allows the spring to always 
remain vertical. 


SOLUTION 


Kinetic Energy. The mass moment of inertia of the pendulum about B is 


ie TOP) + 6(0.) | + asos) + 15(1.3?) | = 28.025 kg: m°. Thus 


1 1 
T = ois w= 3 (28.025) w = 14.0125 w” 


Since the pendulum is released from rest, T, = 0. 


Potential Energy. with reference to the datum set in Fig. a, the gravitational potential 
energies of the pendulum when it is at positions © and @ are 


(V) = myg(vy)1 + magya) = 0 


(Ve)2 = m8 Yr) + magya) 
6(9.81)(—0.5) + 15(9.81)(-1.3) 


—220.725 J 


The stretch of the spring when the pendulum is at positions 
® and @ are 


xı = 0.5 — 0.2 = 0.3m 
%2 =1- 0.2 = 0.8m 


Thus, the initial and final elastic potential energies of the 
spring are 


(V) = 3(200)(0.3?) = 9.00J 


V= 3(200)(0.8”) = 64.0J 


Conservation of Energy. 
T+V=f+ V, 
0 + (0 + 9.00) = 14.0125w? + (—220.725) + 64.0 
w = 3.4390 rad/s = 3.44 rad/s 
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Ans: 
w = 3.44 rad/s 
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18-61. 


The 500-g rod AB rests along the smooth inner surface of a 
hemispherical bowl. If the rod is released from rest from the 
position shown, determine its angular velocity at the instant 
it swings downward and becomes horizontal. 


SOLUTION 


Select datum at the bottom of the bowl. 


sin! (=) = 30° 
0.2 
h = 0.1 sin 30° = 0.05 
CE = V(0.2° — (0.1) = 0.1732 m 
ED = 0.2 — 0.1732 = 0.02679 


Tit V,=T2,+ V2 


0 + (0.5)(9.81)(0.05) = HE 0.502} los + 5 (0.5)(va)? + (0.5)(9.81)(0.02679) 


Since vg = 0.1732@ 4, 


wasg = 3.70 rad/s 


Ans: 
wag = 3.70 rad/s 
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18-62. 


The 50-lb wheel has a radius of gyration about its center of 
gravity G of kg =0.7ft. If it rolls without slipping, 
determine its angular velocity when it has rotated clockwise 
90° from the position shown. The spring AB has a stiffness 
k = 1.20 lb/ft and an unstretched length of 0.5 ft. The wheel 
is released from rest. 


SOLUTION 


T,+V,=T,+ V2 


0+ 5 (1.201 VGP + (0.5)? — 0.5P = es (0.7 ]a? + Eo? 


+ 5 (1.20)(0.9292 — 0.5) 


w = 1.80 rad/s 


Ans: 
w = 1.80 rad/s 
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18-63. 


The system consists of 60-lb and 20-lb blocks A and B, 
respectively, and 5-lb pulleys C and D that can be treated as 
thin disks. Determine the speed of block A after block B has 
risen 5 ft, starting from rest. Assume that the cord does not 
slip on the pulleys, and neglect the mass of the cord. 


SOLUTION 


Kinematics: The speed of block A and B can be related using the position 
coordinate equation. 


Sa + 2sg =l (69) 
As,+2Asg=0 Asa +2(5)=0 Asa = —10ft = 10 ft} 
Taking time derivative of Eq. (1), we have 
va +t 2vp=0 vg = —0.5v4 


Potential Energy: Datum is set at fixed pulley C. When blocks A and B (pulley D) are 
at their initial position, their centers of gravity are located at s4 and sp. Their initial 
gravitational potential energies are —60s 4, —20s g, and —5sz. When block B (pulley 
D) rises 5 ft, block A decends 10 ft. Thus, the final position of blocks A and B (pulley 
D) are (s4 + 10) ft and (sg — 5) ft below datum. Hence, their respective final 
gravitational potential energy are —60(s,4 + 10), —20(sg — 5), and —S(sgz — 5). 
Thus, the initial and final potential energy are 


Vi m 60s 4 205g 5sp = 60s 4 255g 


V = —60(s4 + 10) — 20(sg — 5) — 5(sg — 5) = —60s4 — 25sg — 475 


Kinetic Energy: The mass moment inertia of the pulley about its mass center is 


tf 5 
Ig = ( (0) = 0.01941 slug: ft?. Since pulley D rolls without slipping, 


2 \32.2 

Up _ UB 
0.5 
VA _ UA f : aoe iy dip : ; 

hence wç = — = 05 2v4. Since the system is at initially rest, the initial kinectic 
re 

energy is 7, = 0. The final kinetic energy is given by 


wp 2vg = 2(—0.5v4) = —vy. Pulley C rotates about the fixed point 


1 1 1 
T2 => Mava t 5 MB UB t 5 "DVB t 5 


1/60\, ,1/ 20 n i 
7 (E i (ZN 0.5va) + 5 (322 Cua) 


1 1 
E (0.01941)(—v,4)? + 5 (0.01941)(2v 4} 


= 1.0773v4 
Conservation of Energy: Applying Eq. 18-19, we have 


T, + Vis T+ V2 


0 + (—60s, — 25s) = 1.0773v4 + (—60s4 — 25s, — 475) 


v4 = 21.0 ft/s 
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Ans: 
va = 21.0 ft/s 
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*18—64. 


The door is made from one piece, whose ends move along 
the horizontal and vertical tracks. If the door is in the open 
position, 0 = 0°, and then released, determine the speed at 
which its end A strikes the stop at C. Assume the door is a 
180-lb thin plate having a width of 10 ft. 


SOLUTION 
LEV =k Va 


f(r (oor 


6.3776 rad/s 


= (5) = 6.3776(5) = 31.9 m/s 
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Ans: 
ve = 31.9 m/s 
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18-65. 


The door is made from one piece, whose ends move along 
the horizontal and vertical tracks. If the door is in the open 
position, 0 = 0°, and then released, determine its angular 
velocity at the instant 0 = 30°. Assume the door is a 180-lb 
thin plate having a width of 10 ft. 


SOLUTION 
Te MS tae Ve 


1} 1/ 180 1/ 180 
+0 = —— (8) Jo? + 4 —— Jz, - in 30° 
0+0 ls O lo 7 a) 180(4 sin 30°) 


rc-g = VA) + (4.3301)? — 2(1)(4.3301) cos 30° 


Nee 3.50 m 
Thus, 
Ug > 3.50 w 


Substitute into Eq. (1) and solving, 
w = 2.71 rad/s 


979 


Ans: 
w = 2.71 rad/s 
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18-66. 


The end A of the garage door AB travels along the 
horizontal track, and the end of member BC is attached to a 
spring at C. If the spring is originally unstretched, determine 
the stiffness k so that when the door falls downward from 
rest in the position shown, it will have zero angular velocity 
the moment it closes, i.e., when it and BC become vertical. 
Neglect the mass of member BC and assume the door is a 
thin plate having a weight of 200 lb and a width and height 
of 12 ft. There is a similar connection and spring on the 
other side of the door. 


SOLUTION 
(2)? = (6)? + (CD) — 2(6)(CD) cos 15° 


CD* = 11.591CD + 32 = 0 


Selecting the smaller root: 
CD = 4.5352 ft 


T, + V,=7T,+ V2 


0=0+2 TOE 4.5352)" | — 200(6) 


k = 100 lb/ft 


Ans: 
k = 100 lb/ft 
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18-67. 


The system consists of a 30-kg disk, 12-kg slender rod BA, 
and a 5-kg smooth collar A. If the disk rolls without slipping, 
determine the velocity of the collar at the instant 0 = 0°. 
The system is released from rest when 0 = 45°. 


SOLUTION 


Kinetic Energy. Since the system is released from rest, 7} = 0. Referring to the 
kinematics diagram of the rod at its final position, Fig. a, we found that JC is located 
at B. Thus, (vg). = 0. Also 


wah = (wrai wah = h) (@)2 = — 


Then 


(wah 
2 


= (wah 
2 


(1) 


War) = (@,)a(r Gric); War) 


For the disk, since the velocity of its center (vg). = 0, (wz). = 0. Thus, 


1 1 1 
Th T 5m (vG) + ACAN F zra) 


Traw [Se] + BOON: 


2 2 


Sahl 


1 
-oj 
= 4.50(v,4)5 

Potential Energy. Datum is set as shown in Fig. a. Here, 

Sg = 2 — 2 cos 45° = 0.5858 m 
Then 

(ya) = 0.5858 sin 30° = 0.2929 m 

(y,)ı = 0.5858 sin 30° + 1 sin 75° = 1.2588 m 

(y,)2 = 1 sin 30° = 0.5m 


(y.)1 = 0.5858 sin 30° + 2 sin 75° = 2.2247 m 


(Yeh = 2 sin 30° = 1.00 m 


Thus, the gravitational potential energies of the disk, rod and collar at the initial and 
final positions are 


(Vi = mag(ya)ı = 30(9.81)(0.2929) = 86.20 J 
(Va)2 = maga) = 0 

(V) = m,g(y,)ı = 12(9.81)(1.2588) = 148.19 J 
(V) = m,g(y,)2 = 12(9.81)(0.5) = 58.86 J 
(Vi = meg (vo = 5(9.81)(2.2247) = 109.12 J 
(V) = meg(y.)2 = 5(9.81)(1.00) = 49.05 J 
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18-67. Continued 


Conservation of Energy. 


T+V,=T) + Vz 


0 + (86.20 + 148.19 + 109.12) = 4.50(v,4)3 + (0 + 58.86 + 49.05) 


(va) = 7.2357 m/s = 7.24 m/s 


Ans: 
(va) = 7.24 m/s 
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*18-68. 


The system consists of a 30-kg disk A, 12-kg slender rod BA, 
and a 5-kg smooth collar A. If the disk rolls without slipping, 
determine the velocity of the collar at the instant 6 = 30°. 
The system is released from rest when 6 = 45°. 


SOLUTION 


Kinetic Energy. Since the system is released from rest, 7} = 0. Referring to the 
kinematics diagram of the rod at final position with IC so located, Fig. a, 


rasic = 2 cos 30° = 1.7321 m rpjic = 2 cos 60° = 1.00 m 


roric = VP + 1.00? — 2(1)(1.00) cos 60° = 1.00 m 
Then 
(wah = (Éra) (wah = (@,)2(1.7321) (w,)2 = 0.5774(v4)2 
ws) = (@,)a(rajic)s — (¥a)2 = [0.5774(w4)2](1.00) = 0.5774(w4)2 
(Ver)2 = (@r)a(Terjic); (Var)2 = [0.5774(v4)2](1.00) = 0.5774(v4)2 
Since the disk rolls without slipping, 
(ws) = wara;  0.5774(w4)2 = (wa)2(0.5) 
(wg). = 1.1547(v4)2 
Thus, the kinetic energy of the system at final position is 


1 


1 
T = zm, (vc) H lolo) H 


1 
2 m(v4)3 


2 


1 1 
zava) H zeloa) H 


5020.577404) + HED) | [0.5774(v4)2]? 


+ 5(3.0)10.5774(v4)aP + | 4(30)(0.5%) nasao 


1 
E zO 
= 12.6667(v4)} 


Potential Energy. Datum is set as shown in Fig. a. Here, 
Sg = 2 cos 30° — 2 cos 45° = 0.3178 m 


Then 
(ya) = 0.3178 sin 30° = 0.1589 m 
(y,)1 = 0.3178 sin 30° + 1 sin 75° = 1.1248 m 
(y,)2 = 1 sin 60° = 0.8660 m 


(ye)ı = 0.3178 sin 30° + 2 sin 75° = 2.0908 m 
Ye) = 2 sin 60° = 1.7321 m 
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*18-68. Continued 


Thus, the gravitational potential energies of the disk, rod and collar at initial and 
final position are 


(Va)ı = mag(ya)ı = 30(9.81)(0.1589) = 46.77 J 
(Va)o = maga) = 0 

(V) = meg(y,), = 12(9.81)(1.1248) = 132.42 J 
(V) = m,g(y,)> = 12(9.81)(0.8660) = 101.95 J 
(V.), = m.e(y.)1 = 5(9.81)(2.0908) = 102.55 J 
(V = me(y-)o = 5(9.81)(1.7321) = 84.96 J 


Conservation of Energy. 


T, + V, = T,+ V2 


0 + (46.77 + 132.42 + 102.55) = 12.6667(v,4)3 + (0 + 101.95 + 84.96) 
(va) = 2.7362 m/s = 2.74 m/s Ans. 


he 
A 
es |) 


Ans: 
(vah = 2.74 m/s 
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19-1. 


The rigid body (slab) has a mass m and rotates with an 
angular velocity œ about an axis passing through the fixed 
point O. Show that the momenta of all the particles 
composing the body can be represented by a single vector 
having a magnitude mvg and acting through point P, called 
the center of percussion, which lies at a distance 
PIG = ké/teyo from the mass center G. Here kg is the 
radius of gyration of the body, computed about an axis 
perpendicular to the plane of motion and passing through G. 


SOLUTION 


Ho = (‘G/o + rpja) MUG = 'G/O (mvg) F Igo, where Ig 


Tojo (mug) + Fpjg (mvg) = rajo (mvg) + (mkg) w 
ke 


F = — 
He~ Tga 


VG 
However, vg = wřGjo Or TGjo = — 
w 


ke 
rpjG = tao 
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19-2. 


At a given instant, the body has a linear momentum 
L = myg and an angular momentum Hg = Igw computed 
about its mass center. Show that the angular momentum of 
the body computed about the instantaneous center of zero 
velocity JC can be expressed as H;c = [jcw, where Irc 
represents the body’s moment of inertia computed about 
the instantaneous axis of zero velocity. As shown, the JC is 
located at a distance rg/;c away from the mass center G. 


SOLUTION 


Hic = FGJIC (mvg) + Ig w, where UG = OIG/IC 


= rgjic (Mwrgjic) + Ig w 


(Ug + mrgjic) © 


= Tico 
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19-3. 


Show that if a slab is rotating about a fixed axis perpendicular 
to the slab and passing through its mass center G, the angular 
momentum is the same when computed about any other 
point P. 


SOLUTION 


Since vg = 0, the linear momentum L = mvg = 0. Hence the angular momentum 
about any point P is 


Hp = Igo 


Since w is a free vector, so is Hp. 


987 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*19-4, 


The 40-kg disk is rotating at œ = 100 rad/s. When the force 
P is applied to the brake as indicated by the graph. If the 
coefficient of kinetic friction at B is up = 0.3, determine 
the time ¢ needed to stay the disk from rotating. Neglect the 
thickness of the brake. 


SOLUTION 


Equilibrium. Since slipping occurs at brake pad, Fy = wN = 0.3 N. 
Referring to the FBD the brake’s lever, Fig. a, 


¢+3M,=0;  M(0.6) — 0.3 N(0.2) — P(0.3) = 0 
N = 0.5556 P 


Thus, 
Fy = 0.3(0.5556 P) = 0.1667 P 


Principle of Impulse and Momentum. The mass moment of inertia of the disk about 


1 1 
its center O is Ip = z" = (40)(0.157) = 0.45 kg- m’. 


bh 
Ilow + 3 Modt = low 
t 


It is required that w = 0. Assuming that t > 2s, 


0.45(100) + f [-0.1667 P(0.15)]dt = 0.45(0) 
0 


t 
oos | Pdt = 45 
0 


t 
[ra = 1800 
0 


5 (500)(2) + 500(t — 2) = 1800 


t = 4.60s 


Since t > 2 s, the assumption was correct. 


NtO-b220F 


988 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


19-5. 


The impact wrench consists of a slender 1-kg rod AB which 
is 580 mm long, and cylindrical end weights at A and B that 
each have a diameter of 20 mm and a mass of 1 kg. This 
assembly is free to turn about the handle and socket, 
which are attached to the lug nut on the wheel of a car. If 
the rod AB is given an angular velocity of 4 rad/s and it 
strikes the bracket C on the handle without rebounding, 
determine the angular impulse imparted to the lug nut. 


SOLUTION 


1 1 
Liss P (1)(0.6 — 0.02)? + 2 3 (1)(0.01)* + 1(0.3)? | = 0.2081 kg- m? 


J Mat = Iyxje œ = 0.2081(4) = 0.833 kg: m?/s 


Ans: 


fma = 0.833kg-m’/s 
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19-6. 


The airplane is traveling in a straight line with a speed of 
300 km/h, when the engines A and B produce a thrust of 
T4 = 40 KN and Tg = 20 kN, respectively. Determine the 
angular velocity of the airplane in t = 5 s. The plane has a 
mass of 200 Mg, its center of mass is located at G, and its 
radius of gyration about G is kg = 15 m. 


SOLUTION 


Principle of Angular Impulse and Momentum: The mass moment of inertia of the 
airplane about its mass center is Ig = mkg? = 200(107) (15?) = 45( 10°) kg: m’. 
Applying the angular impulse and momentum equation about point G, 


ty 
Iw F zí Maat = Igwr 
ti 


0 + 40(10°)(5)(8) — 20(10°)(5)(8) = 45(106)w 


w = 0.0178 rad/s 
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Ans: 
w = 0.0178 rad/s 
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19-7. 


The double pulley consists of two wheels which are attached 
to one another and turn at the same rate. The pulley has a 
mass of 15 kg and a radius of gyration of kọ = 110 mm. If 
the block at A has a mass of 40 kg, determine the speed 
of the block in 3 s after a constant force of 2 KN is applied 
to the rope wrapped around the inner hub of the pulley. The 
block is originally at rest. 


SOLUTION 


Principle of Impulse and Momentum: The mass moment inertia of the pulley about 
point O is Ip = 15(0.11) = 0.1815 kg: m°. The angular velocity of the pulley and 


the velocity of the block can be related by w = = Suz. Applying Eq. 19-15, 


0 
we have 


(Sos angular momentum) + ( > syst. angular impulse) 
O: 


01-2 


ELD) 


T (z syst. angular momentum) 
Or 


(G+) 0 + [40(9.81)(3)](0.2) — [2000(3)](0.075) 


= —40v,(0.2) — 0.1815(5v5) 


vg = 24.1 m/s 
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LwWw 
a 
(0-1815) (Up) 


Ans: 


vg = 24.1 m/s 
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*19-8. 


The assembly weighs 10 lb and has a radius of gyration 
kg = 0.6 ft about its center of mass G. The kinetic energy 
of the assembly is 31 ft-lb when it is in the position shown. 
If it is rolling counterclockwise on the surface without 
slipping, determine its linear momentum at this instant. 


SOLUTION 


10 
= Of ee N -t 
Ig = (0.6) (3) 0.1118 slug - ft 


ifi y 4 7 
= —| —— + —(Q. — 
T (Jo 5(0.1118)%? = 31 


vg = 1.2 w 

Substitute into Eq. (1), 

w = 10.53 rad/s 

vg = 10.53(1.2) = 12.64 ft/s 


10 
32.2 


(12.64) = 3.92 slug - ft/s 


L = mvg = 
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Ans: 
L = 3.92 slug: ft/s 
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19-9, 


The disk has a weight of 10 lb and is pinned at its center O. 
If a vertical force of P = 2 lb is applied to the cord wrapped 
around its outer rim, determine the angular velocity of the 
disk in four seconds starting from rest. Neglect the mass of 
the cord. 


SOLUTION 


ty 
(C+) Iga, + z | Mo dt = Io 
ti 


0 + 2(0.5)(4) = E (esfe 


œ, = 103 rad/s 


993 


Ans: 
œ = 103 rad/s 
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19-10. 


The 30-kg gear A has a radius of gyration about its center of 
mass O of kg = 125mm. If the 20-kg gear rack B is 
subjected to a force of P = 200N, determine the time 
required for the gear to obtain an angular velocity of 
20 rad/s, starting from rest. The contact surface between the 
gear rack and the horizontal plane is smooth. 


SOLUTION 


Kinematics: Since the gear rotates about the fixed axis, the final velocity of the gear 
rack is required to be Y 


V; 
(vp)2 = org = 20(0.15) = 3 m/s > 204,81) N A 


Principle of Impulse and Momentum: Applying the linear impulse and momentum 


equation along the x axis using the free-body diagram of the gear rack shown in Fig. a, 
ty 


(+) mvp) + =f F,dt = m(vg) 
0 + 200(t) — F(t) = 20(3) 


F(t) = 200 — 60 (1) 


The mass moment of inertia of the gear about its mass center is [9 = 
mko = 30(0.125") = 0.46875 kg- m°. Writing the angular impulse and momentum 


equation about point O using the free-body diagram of the gear shown in Fig. b, 
ty 


Io, + = | Modt = Io% 
0+ F015) = 0.46875(20) 
F(t) = 62.5 

Substituting Eq. (2) into Eq. (1) yields 


t = 0.6125 s 


3019.81) N 


A ` 


Ans: 
t = 0.6125 s 
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19-11. 


The pulley has a weight of 8 lb and may be treated as a thin 
disk. A cord wrapped over its surface is subjected to forces 
T, = 4lb and Tg = 5 lb. Determine the angular velocity 
of the pulley when t = 4s if it starts from rest when ¢ = 0. 
Neglect the mass of the cord. 


SOLUTION 
Principle of Impulse and Momentum: The mass moment inertia of the pulley about its 


8 
0.67) = 0.04472 slug: ft”. Applying Eq. 19-14, we have 
329 g pplying Eq 


: 1 
mass center is J, 7 ( 


t 


Tow, + È f? Mdt = Lœ 
(G+) 0 + [5(4)](0.6) — [4(4)](0.6) = 0.044720, 


œ = 53.7 rad/s 


Ans: 
œ = 53.7 rad/s 
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*19-12. 


The 40-kg roll of paper rests along the wall where the 
coefficient of kinetic friction is ug = 0.2. If a vertical force 
of P = 40 N is applied to the paper, determine the angular 
velocity of the roll when t = 6s starting from rest. Neglect 
the mass of the unraveled paper and take the radius of 
gyration of the spool about the axle O to be kj = 80 mm. 


SOLUTION 


Principle of Impulse and Momentum. The mass moment of inertia of the paper roll 
about its center is Ig = mk? = 40(0.08) = 0.256 kgm’. Since the paper roll is 
required to slip at point of contact, Fr = uN = 0.2 N. Referring to the FBD of the 
paper roll, Fig. a, 


(4) medhit zf T= medh 


Fo 40€7B0N 
foz Ne 


0 + N(6) Fal 0 =0 P-40N 


F, = 
‘AB 5 


(+1) m[(r)yh + 3 fs dt = m[(vo) yh N 


0 + 0.2 N(6) 4 Pl 2 )) + 40(6) — 40(9.81)(6) = 0 


12 
02N + 75 Fag = 3524 
Solving Eqs. (1) and (2) 
N = 135.54N Fag = 352.4N 


Subsequently 


Ç+ low + zf moai = low 


0.256(0) + 40(0.12)(6) — 0.2(135.54)(0.12)(6) = 0.256% 
w = 36.26 rad/s = 36.3 rad/s 


Ans: 
w = 36.3 rad/s 
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19-13. 


The slender rod has a mass m and is suspended at its end A 
by a cord. If the rod receives a horizontal blow giving it an 
impulse I at its bottom B, determine the location y of the 
point P about which the rod appears to rotate during the 
impact. 


SOLUTION 


Principle of Impulse and Momentum: 


t2 
(G +) Igo, F = | Mg dt = Ig W2 
ti 


I = -mlw 


6 
t2 
(+) m(vax) + xf Fy dt = m(vax)h 
ti 


0+ =mlo = mog 


6 


Kinematics: Point P is the /C. 


Using similar triangles, 
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19-14. 


The rod of length L and mass m lies on a smooth horizontal 
surface and is subjected to a force P at its end A as shown. 
Determine the location d of the point about which the rod 
begins to turn, i.e, the point that has zero velocity. 


SOLUTION 


(5) m(Vex)1 + sf Ear = MVEx)2 


0 + P(t) = mvo) 
m(vg,) + xf 5 dt = m(vg,)o 
0 + 0 = m(vg), 


(Ho) + 3| Madi = (Ho) 


L 1 
0+ Pol 5) = pmo 


UG = yw 


L 1 
mead $) = pile 


(vo) = Eo 
y 


d 
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19-15. 

A 4-kg disk A is mounted on arm BC, which has a negligible 

mass. If a torque of M = (Se) N- m, where fis in seconds, 

is applied to the arm at C, determine the angular velocity of 

BC in 2 s starting from rest. Solve the problem assuming 

that (a) the disk is set in a smooth bearing at B so that it 

rotates with curvilinear translation, (b) the disk is fixed to 

the shaft BC, and (c) the disk is given an initial freely = (52°) Nem 
spinning angular velocity of wp = {—80k} rad/s prior to 

application of the torque. 


SOLUTION 


a) 
(Hit |m dt = (Hz) 


2 
0+ I 5e°>'dt = 4(vg)(0.25) 
0 


vg = 17.18 m/s 


1748 


WBC 7 025 = 68.7 rad/s 


(H+ fm dt = (Hz) 


2 
0+ ] 5e°5'dt = 4(vg)(0.25) + [70000 OBC 
0 


Since vg = 0.25 wgc, then 


wpgc = 66.8 rad/s 


(H).+3 fm, dt = (H,)2 


2 
-|4¢4)(0.06) keo- I 5e°>'dt = 4(vg)(0.25) — 5(49(0.06) keo 


Since vg = 0.25 wgc, 
gc = 68.7 rad/s 


Ans: 

(a) wgc = 68.7 rad/s 
(b) wgc = 66.8 rad/s 
(c) wgc = 68.7 rad/s 
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*19-16. 


The frame of a tandem drum roller has a weight of 4000 Ib 
excluding the two rollers. Each roller has a weight of 1500 Ib 
and a radius of gyration about its axle of 1.25 ft. If a torque 
of M = 300 lb- ft is supplied to the rear roller A, determine 
the speed of the drum roller 10 s later, starting from rest. 


SOLUTION 


Principle of Impulse and Momentum: The mass moments of inertia of the rollers 


_ 1500 \ cas 
yat” ) 72.787 slug» ft“. Since the 


rollers roll without slipping, =". is 0.6667v. Using the free-body 
r 


about their mass centers are Jc = Ip 


diagrams of the rear roller and front roller, Figs. a and b, and the momentum 
diagram of the rollers, Fig. c, 


ty 
(Ha) + zf Madt = (Ha) 
ti 


0 + 300(10) — C,(10)(1.5) = SA5) + 72.787(0.6667v) 


C, = 200 — 7.893v 


t2 
(Hg), + zf Mpgdt = (Hg) 
ti 


1500 


0 + D,(10)(1.5) = 355 


v(1.5) + 72.787(0.6667v) 
D, = 7.893v 
Referring to the free-body diagram of the frame shown in Fig. d, 


5 m| (vo)xh + z | Fadi = m| (vo)xh 


4000 
322” 


Substituting Eqs. (1) and (2) into Eq. (3), 


0 + C,(10) — D,(10) = 


4000 


(200 — 7.893v)(10) — 7.8930(10) = 355 


v = 7.09 ft/s 


A, b 
/2787(0-66677 ) 


M = 300 lb-ft 


Ans: 
v = 7.09 ft/s 
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19-17. 


The 100-Ilb wheel has a radius of gyration of kg = 0.75 ft. 
If the upper wire is subjected to a tension of T = 50 |b, 
determine the velocity of the center of the wheel in 3 s, 
starting from rest. The coefficient of kinetic friction between 
the wheel and the surface is ug = 0.1. 


SOLUTION 


Principle of Impulse and Momentum: We can eliminate the force F from the 
analysis if we apply the principle of impulse and momentum about point A. The 


100 
T (0.75?) 


mass moment inertia of the wheel about point A is I, 


= 2.523 slug: ft”. Applying Eq. 19-14, we have 


t 
mu) + 2 [Rat = mvc.) 


(+1) 0+ N(t) — 100(t) =0 N= 1001b 
ty 
naz f M, dt = I, œ% 
ti 


(C+) 0 + [50(3)](1) — [0.1(100)(3)](0.5) = 2.523 w [1] 


Kinematics: Since the wheel rolls without slipping at point A, the instantaneous 
center of zero velocity is located at point A. Thus, 


UG = 82 FGC 


Solving Eqs. [1] and [2] yields 
vg = 26.8 ft/s 


œ = 53.50 rad/s 
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Ans: 
VG = 26.8 ft/s 
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19-18. 


The 4-kg slender rod rests on a smooth floor. If it is kicked 
so as to receive a horizontal impulse J = 8 N-s at point A 
as shown, determine its angular velocity and the speed of its 
mass center. 


SOLUTION 


(Æ) M(Vex)1 + z fr, dt = m(vGx)2 
0 + 8 cos 60° = 4(vG)x 
(Va)x 1 m/s 

(+1) m(vey) + 3/3 dt = m(vey)2 


0 + 8sin 60° = 4(vG), 
(vg)y = 1.732 m/s 


vo = V (1.732) + (1) = 2 m/s 


(G+) (Hg) + z fmo dt = (Ho) 


0 + 8 sin 60°(0.75) = FO fo 


w = 3.90 rad/s 


Ans: 
vg =2m/s 
w = 3.90 rad/s 
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19-19. 


The double pulley consists of two wheels which are 
attached to one another and turn at the same rate. The 
pulley has a mass of 15 kg and a radius of gyration 
ko = 110mm. If the block at A has a mass of 40 kg, 
determine the speed of the block in 3 s after a constant 
force F = 2 KN is applied to the rope wrapped around the 
inner hub of the pulley. The block is originally at rest. 
Neglect the mass of the rope. 


SOLUTION 


(C+) (Hoh +E l Mo dt = (Ho) 


0 + 2000(0.075)(3) — 40(9.81)(0.2)(3) = 15(0.110)°w + 40(0.2w) (0.2) 
w = 120.4 rad/s 


v4 = 0.2(120.4) = 24.1 m/s 


Ans: 
va = 24.1 m/s 
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*19-20. 


The 100-kg spool is resting on the inclined surface for which 
the coefficient of kinetic friction is u = 0.1. Determine the 
angular velocity of the spool when t = 4 s after it is released 
from rest. The radius of gyration about the mass center is 
kg = 0.25 m. 


SOLUTION 
Kinematics. The JC of the spool is located as shown in Fig. a. Thus 
VG = @rGjic = (0.2) 
Principle of Impulse and Momentum. The mass moment of inertia of the spool 


about its mass center is Ig = mk% = 100(0.257) = 6.25 kg: m°. Since the spool is 
required to slip, F = wN = 0.1 N. Referring to the FBD of the spool, Fig. b, 


me GOES zf ‘Bet = mtd 
0 + N(4) — 100(9.81) cos 30°(4) = 0 
N = 849.57 N 
mkt zf a= nied, 


0 + T(4) + 0.1(849.57)(4) — 100(9.81) sin 30°(4) = 100[ — œ(0.2)] 
T + 5w = 405.54 


h 
Igo + zf Mg dt = Igoa 
ti 


0 + 0.1(849.57)(0.4)(4) — T(0.2)(4) = —6.25 w 
0.8T — 6.25. = 135.93 
Solving Eqs. (1) and (2), 
w = 18.39 rad/s = 18.4 rad/s 2) 
T = 313.59N 


Ans: 
w = 18.4 rad/s 2 
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19-21. 


The spool has a weight of 30 Ib and a radius of gyration 
Ko = 0.45 ft. A cord is wrapped around its inner hub and the 
end subjected to a horizontal force P = 5 lb. Determine the 
spool’s angular velocity in 4 s starting from rest. Assume 
the spool rolls without slipping. 


SOLUTION 


(+1) m(v,) + z fr, dt = M(Vy)o 


0 + N4(4) — 30(4) = 0 


N, = 301b 
M(Vx)1 F 3 frat z m(v;)2 


0 + 5(4) = F4(4) = 322C 


(Ho) + z [ms dt = (Hch 


0 + F4(4)(0.9) — 5(4)(0.3) = (0.45) w 


Since no slipping occurs 

Set vg = 0.9 w 

F, = 2.33 Ib 

w = 12.7 rad/s 

Also, 

(C+) (Ha) + My dt = (Hah 


30 30 


0 + 5(4)(0.6) = D (0.45) 4 5 


(0.9)? | w 


w = 12.7 rad/s 


Ans: 
w = 12.7 rad/s 
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19-22. 


The two gears A and B have weights and radii of gyration of 
W, = 151b, ky = 0.5ft and Wg = 101b, kg = 0.35 ft, 
respectively. If a motor transmits a couple moment to gear 
B of M=2(1—e °) lb-ft, where t is in seconds, 
determine the angular velocity of gear A int = 5 s, starting 
from rest. 


SOLUTION 
w (0.8) = w,(0.5) 
wg = 1.604 


Gear B: 


(C+) (Hg) + > [Msat = (Hg) 


0+ i (1 — @)dt — 1 0.5F dt = (22, )0035) | (1.604) 


6.328 = 0.5 / F dt + 0.06087w 4 


Gear A: 0= 08 frat — 0.11650, (2) 


(G+) (Ay) + x fm, dt = (Ha) Eliminate [ra between Eqs. (1) and 


(2), and solving for w4. 


1 
0+ I 0.8F dt = (es Jos w4 = 47.3 rad/s Ans. 


Ans: 
w4 = 47.3 rad/s 


1006 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


19-23. 


The hoop (thin ring) has a mass of 5 kg and is released down 
the inclined plane such that it has a backspin w = 8 rad/s 
and its center has a velocity vg = 3 m/s as shown. If the 
coefficient of kinetic friction between the hoop and the 
plane is u = 0.6, determine how long the hoop rolls before 
it stops slipping. 


SOLUTION 
w+ mva + 5 frat = Mv. 


5(3) + 49.05 sin 30° (£) — 25.4871 = 5g 
G+ (Hg) + > | Moa = (Hc) 
— 5(0.5)2(8) + 25.487(0.5)(t) = 5(0.5)? (#2) 


Solving, 
Ug = 2.75 m/s 


t = 1.32s 
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So = 8 rad/s 


49.05 N 
30° 


Yo F =0.6 N=25.487N 


0.5 m N =42478 N 
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*19-24, 


The 30-kg gear is subjected to a force of P = (20t) N, where 
tis in seconds. Determine the angular velocity of the gear at 
t = 4s, starting from rest. Gear rack B is fixed to the 
horizontal plane, and the gear’s radius of gyration about its 
mass center O is kg = 125 mm. 


SOLUTION 


Kinematics: Referring to Fig. a, 


Vo = @TO/IC = w(0.15) 


Principle of Angular Impulse and Momentum: The mass moment of inertia of 
the gear about its mass center is Ig = mko? = 30(0.125") = 0.46875 kg: m’. 
Writing the angular impulse and momentum equation about point A shown in 
Fig. b, 


ty 
(Ha) + 2 | M,dt E (Hah 
ti 


4s 
0+ I 20t(0.15)dt = 0.46875w + 30 [w(0.15)] (0.15) 
0 


4s 
1.5] = 1.14375% 
0 


w = 21.0 rad/s 
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P = (20t) N 


Ans: 
w = 21.0 rad/s 
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19-25. 


The 30-lb flywheel A has a radius of gyration about its center M = (50ù lb-ft 
of 4 in. Disk B weighs 50 lb and is coupled to the flywheel by 

means of a belt which does not slip at its contacting surfaces. 

If a motor supplies a counterclockwise torque to the 

flywheel of M = (50t) lb-ft, where ¢ is in seconds, 

determine the time required for the disk to attain an angular 

velocity of 60 rad/s starting from rest. 


SOLUTION 


Principle of Impulse and Momentum: The mass moment inertia of the flywheel 
30 


32.2 


0.75 
flywheel is w4 = z os = T3 (60) = 90.0 rad/s. Applying Eq. 19-14 to the 
A . 


2 
about point C is Iç = ) = 0.1035 slug: ft’. The angular velocity of the 


flywheel [FBD(a)], we have 


Ico + s [Mca = [ca 
(G+) 0+ | sot dt + | | T, (dt)|(0.5) — [ J T,(dt)|(0.5) = 0.1035(90) 


251? + 0.5 J (Ta — Tı)dt = 9.317 (1) 


1/ 50 
The mass moment inertia of the disk about point D is Ip = (207 


= 0.4367 slug: ft?. Applying Eq. 19-14 to the disk [FBD(b)], we have 


ty 
Ino z f Mp dt = Ip% 
ti 


(G+ o+] J Tı (dt) |(0.75) — [ / T (dt) (0.75) = 0.4367(60) 


J (Ta — T,)dt = —34.94 
Substitute Eq. (2) into Eq. (1) and solving yields 


t = 1.04s 
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19-26. 


If the shaft is subjected to a torque of M = (15t) N- m, 
where f is in seconds, determine the angular velocity of the 
assembly when ft = 3 s, starting from rest. Rods AB and BC 
each have a mass of 9 kg. 


SOLUTION 


Principle of Impulse and Momentum: The mass moment of inertia of the rods 
1 1 

about their mass center is Ig = pm =i (9)(1”) = 0.75 kg: m’. Since the 

assembly rotates about the fixed axis, (vg)4g = @(’c)ag = (0.5) and 


(ve)ac = (1G) ac = o( VP + 057) = w(1.118). Referring to Fig. a, 


C+ (H+ f 'M, dt = (H.)2 


3s 
0+ 1517dt = 9[w(0.5)](0.5) + 0.75@ + 9[(1.118) (1.118) + 0.750 
0 


3s 
5P| = 15w 
0 


w = 9 rad/s 


Ffw) OJEW 


Ans: 
w = 9 rad/s 
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19-27. 


The double pulley consists of two wheels which are attached 
to one another and turn at the same rate. The pulley has a 
mass of 15 kg and a radius of gyration of 
ko = 110 mm. If the block at A has a mass of 40 kg and the 
container at B has a mass of 85 kg, including its contents, 
determine the speed of the container when t = 3 s after it is 
released from rest. 


SOLUTION 


The angular velocity of the pulley can be related to the speed of 


container B by w= = 13.333 vg. Also the speed of block A 


VA 
0.075 
va = 0(0.2) = 13.33 vg(0.2) — 2.667 vp, 


(G+)(SSyst. Ang. Mom.)o; + (2 Syst. Ang. Imp.)oa-2) = (Syst. Ang. Mom.) 97 
0 + 40(9.81)(0.2)(3) — 85(9.81)(0.075)(3) 
= | 15(0.110)" | (13.333 vg) + 85 vg(0.075) + 40(2.667 vg)(0.2) 


vg = 1.59 m/s Ans. 
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ascent 


Ans: 
vg = 1.59 m/s 
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*19-28. 


The crate has a mass m,. Determine the constant speed vp it 
acquires as it moves down the conveyor. The rollers each 
have a radius of r, mass m, and are spaced d apart. Note that 
friction causes each roller to rotate when the crate comes in 
contact with it. 


SOLUTION 


The number of rollers per unit length is 1/d. 


. vo 
Thus in one second, Fi rollers are contacted. 


v 
If a roller is brought to full angular speed of w = in tọ seconds, then the moment 
r 


of inertia that is effected is 


Gna 


Since the frictional impluse is 


F = m,siné@ then 


G+ (Ho + 5 J Modt = (Hoh 


0 + (me sinb) rto = | (Gm) (2) o|(*) 


Ans: 


UV =. [2gsine.a(™) 
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19-29. 


The turntable T of a record player has a mass of 0.75 kg and 
a radius of gyration k, = 125mm. It is turning freely at 
wr = 2rad/s when a 50-g record (thin disk) falls on it. 
Determine the final angular velocity of the turntable just 
after the record stops slipping on the turntable. 


SOLUTION 
(H) = (E) 


0.75(0.125)?°(2) = | 0.75(0.125)* + 5(0.050)(0.150) w 


w = 1.91 rad/s 
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Ans: 
w = 1.91 rad/s 
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19-30. 


The 10-g bullet having a velocity of 800 m/s is fired into the 
edge of the 5-kg disk as shown. Determine the angular 
velocity of the disk just after the bullet becomes embedded 
into its edge. Also, calculate the angle 0 the disk will swing 
when it stops. The disk is originally at rest. Neglect the mass 
of the rod AB. 


SOLUTION 


Conservation of Angular Momentum. The mass moment of inertia of the disk about 
its mass center is (I)a = 5(5)(0.4") = 0.4kg-m’. Also, (v,)2. = CA v5.92) and 
(va) = œ2(2.4). Referring to the momentum diagram with the embedded bullet, 
Fig. a, 

2(Ha) = (Ha) 

Mp()1(75)1 = Ua)a @2 + Ma(va)o(r2) + Mo(&»)o(r5)2 

0.01(800)(2.4) = 0.40 + 5[ w2(2.4) ](2.4) + 0.01[ (5.92) ] (5.92) 

w = 0.6562 rad/s = 0.656 rad/s Ans. 


Kinetic Energy. Since the system is required to stop finally, T} = 0. Here 


1 1 1 
T = > (Ig)a@3 + z Ma(va)2 g z Velo) 


5 0.4) (0.6562) + 3(5)10.6562(2.4) + 3(0.01) [0.6562( v5.92) |? 


6.2996 J 


Potential Energy. Datum is set as indicated on Fig. b. 


0.4 
Here ¢ = tan! ($) = 9.4623. Hence 


yı = 2.4 cos 0 Yp = V 5.92 cos (0 — 9.4623°) 


Thus, the gravitational potential energy of the disk and bullet with reference to the 
datum is 


(Ve)a = Mag (Ya) = 5(9.81)(—2.4 cos 0) = —117.72 cos 0 
(V;)b = Mpg(yb) = 0.01(9.81)[ ( —V5.92 cos (8 — 9.4623°) | 


—0.0981 V5.92 cos (0 — 9.4623°) 
Ato = 0°, 
[Vaal = -117.72 cos 0° = —117.72 J 
[Vas] = -0.0981 5.92 cos (0 — 9.4623°) = —0.23544 J 


Conservation of Energy. 
Et Va Ty Vs 


6.2996 + (—117.72) + (—0.23544) = 0 + (—117.72 cos 4) 
+ [-0.0981V/5.92 cos (9 — 9.4623) | 
117.72 cos 0 + 0.0981 V 5.92 cos (0 — 9.4623°) = 111.66 
Solved by numerically, 


0 = 18.83° = 18.8° 
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Ans: 
w, = 0.656 rad/s 
0 = 18.8° 
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19-31. 


The 10-g bullet having a velocity of 800 m/s is fired into the 
edge of the 5-kg disk as shown. Determine the angular 
velocity of the disk just after the bullet becomes embedded 
into its edge. Also, calculate the angle @ the disk will swing 
when it stops. The disk is originally at rest. The rod AB has a 
mass of 3 kg. 


v = 800 m/s 


SOLUTION 
Conservation of Angular Momentum. The mass moments of inertia of the disk and 
rod about their respective mass centers are ([g)q = 5 (5)(0.4?) = 0.4kg-m’ and 
(Ic), = 5 O(2) = 1.00 kg: m2. Also, (vp) = œ( V5.92), (va) = (2.4) and 
(v,). = œ (1). Referring to the momentum diagram with the embedded bullet, Fig. a, 
(Ha) = %(Ha)2 
Mp(%)i(t»)1 = Ua)a 2 + Ma(va)a(ra) + UG), @2 + m,(v,)a(r) + Mp(%p)2(»)2 
0.01(800)(2.4) = 0.4w + 5[w2(2.4)](2.4) + 1.00%: + 3[w>(1)] (1) 
+ 0.01[ «(V5.92) } (5.92) | 
@ = 0.5773 rad/s = 0.577 rad/s 


Kinetic Energy. Since the system is required to stop finally, T = 0. Here 


1 1 1 1 1 
T zouo + z Malwa) E3 (Ic) o3 + z M(v,)3 + z Mol v»)3 


3(0.4)( 0.57732) + 3(5)10.5773(2.4)P + 3(1.00)(0.5773") + 5(3)10.5773()P + 3(0.01)[0.5773(V5.92) ]? 
5.5419 J 
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19-31. Continued 


Potential Energy. Datum is set as indicated on Fig. b. 


0.4 
Here ¢ = an (24) = 9.4623°. Hence 


Ya = 2.4 cos 0, y, = cos 0, yp = V 5.92 cos (0 — 9.4623°) 


Thus, the gravitational potential energy of the disk, rod and bullet with reference to 
the datum is 


(Vela = Mag ya = 5(9.81)(—2.4 cos 0) = —117.72 cos 0 

(V) = M, 8 y, = 3(9.81)(—cos 0) = —29.43 cos 0 

(V,)p = my g y, = 0.01(9.81)[ —V5.92 cos (8 — 94623°) | 
= —0.0981 5.92 cos(@ — 9.4623°) 


Ato = 0°, 

[Val = —117.72 cos 0° = -117.72J 

[(V;) l2 = —29.43 cos 0° = —29.43 J 

[CVa] = —0.0981 5.92 cos (0° — 9.4623°) = —0.23544 J 
Conservation of Energy. 


T, + V, = T3 + V3 


5.5419 + (—117.72) + (—29.43) + (—0.23544) = 0 + (117.72 cos 0) 


+ (—29.43 cos 0) + [—0.0981V'5.92 cos (0 — 9.4623°) | 
147.15 cos @ + 0.0981V/5.92 cos (9 — 9.4623°) = 141.84 


Solved numerically, 


0 = 15.78° = 15.8° 


1016 


Ans: 
œ = 0.577 rad/s 
0 = 15.8° 
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*19-32. 


The circular disk has a mass m and is suspended at A by the 
wire. If it receives a horizontal impulse I at its edge B, 
determine the location y of the point P about which the disk 
appears to rotate during the impact. 


SOLUTION 


Principle of Impulse and Momentum. The mass moment of inertia of the disk about 


. . 1 2 1 2 
its mass center is Ig = gir’ = gma 


bh 
G+Iga, F zf Mg dt = Ig @) 
ti 


1 
0+]= (Sra? Jo 


(4) ml (vale. + 3 f R dt = mf (vail 
0 + I= mog 


Equating Eqs. (1) and (2), 
1 


zre MUG 


am a 


Kinematics. Here, ZC is located at P, Fig. b. Thus, vg = w rgjjc = w(2a — y). Using 
similar triangles, 


a-—y_2a-y- a-y 2a — y 


? 


UG UB a w(2a — y) 
g 
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19-33. 


The 80-kg man is holding two dumbbells while standing on a 
turntable of negligible mass, which turns freely about a 
vertical axis. When his arms are fully extended, the turn- 
table is rotating with an angular velocity of 0.5 rev/s. 
Determine the angular velocity of the man when he retracts 
his arms to the position shown. When his arms are fully 
extended, approximate each arm as a uniform 6-kg rod 
having a length of 650 mm, and his body as a 68-kg solid 
cylinder of 400-mm diameter. With his arms in the retracted 
position, assume the man as an 80-kg solid cylinder of 450-mm 
diameter. Each dumbbell consists of two 5-kg spheres of 
negligible size. 


SOLUTION 


Conservation of Angular Momentum: Since no external angular impulse acts on the 
system during the motion, angular momentum about the axis of rotation (z axis) is 
conserved. The mass moment of inertia of the system when the arms are in the fully 
extended position is 


(I). = 2| 100085) | + 2| 5 (610.65 + 6(0.5257) | + 5 (68)(0.2") 


= 19.54kg-m? 


And the mass moment of inertia of the system when the arms are in the retracted 
position is 


(Z,)2 = 210033) + 5 (80)(0.225%) 


= 3.825 kg-m? 


(H,); a (H,)2 
(L) = CAR 
19.54(0.5) = 3.825a 


w = 2.55 rev/s 


Ans: 
w = 2.55 rev/s 


1018 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


19-34. 


The platform swing consists of a 200-Ib flat plate suspended 
by four rods of negligible weight. When the swing is at rest, 
the 150-lb man jumps off the platform when his center of 
gravity G is 10 ft from the pin at A. This is done with a 
horizontal velocity of 5 ft/s, measured relative to the swing 
at the level of G. Determine the angular velocity he imparts 
to the swing just after jumping off. 


SOLUTION 


(G+) (Ha) = (Ha)2 


0+0= PEG i ao (11) |o = GS) (5- 100) a0) 


w = 0.190 rad/s 


Ans: 
w = 0.190 rad/s 
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19-35. 


The 2-kg rod ACB supports the two 4-kg disks at its ends. If 
both disks are given a clockwise angular velocity 
(4), = (wg), = Srad/s while the rod is held stationary 
and then released, determine the angular velocity of the rod 
after both disks have stopped spinning relative to the rod 
due to frictional resistance at the pins A and B. Motion is in 
the horizontal plane. Neglect friction at pin C. 


SOLUTION 


C+ A, = M, 


(wz) 


138 cosy [6) = J woso + 2[4(0.75 w)(0.75)] + Eoas |o 


w = 0.0906 rad/s 


1020 


0.15 m 


Ans: 
w = 0.0906 rad/s 
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*19-36. 


The satellite has a mass of 200 kg and a radius of gyration 
about z axis of k, = 0.1 m, excluding the two solar panels 
A and B. Each solar panel has a mass of 15 kg and can be 
approximated as a thin plate. If the satellite is originally 
spinning about the z axis at a constant rate 
w, = 0.5 rad/s when 0 = 90°, determine the rate of spin if 
both panels are raised and reach the upward position, 
0 = 0, at the same instant. 


SOLUTION 


Conservation of Angular Momentum. When 0 = 90°, the mass moment of inertia of 
the entire satellite is 


I, = 200(0.17) + A 50503 + 1.57) + 15(095°) = 34.925 kg- m? 


when 6 = 0°, /', = 200(0.7) + 2| 5050.2) + 15(0.2) | = 3.425 kg: m? 


Thus 
(A), = H) 
Loz) = I'{@z)o 
34.925(0.5) = 3.425(w,) 
(@,), = 5.0985 rad/s = 5.10 rad/s 


Ans: 
(œ) = 5.10 rad/s 
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19-37. 


Disk A has a weight of 20 lb. An inextensible cable is 
attached to the 10-lb weight and wrapped around the disk. 
The weight is dropped 2 ft before the slack is taken up. If 
the impact is perfectly elastic, i.e., e = 1, determine the 
angular velocity of the disk just after impact. 


SOLUTION 


For the weight 


T, + Vi = 1I,+ VW 


10 4.» 
a) v2 


vo = 11.35 ft/s 
(Hah = (Ha) 

mv (0.5) + 0 = mv; (0.5) + I4 w 

(2) (11.35)(0.5) + 0 = (44) v3 (0.5) + E (2 )osrle 


0.5@ — v3 0.5@ — v3 
(+l) e= = = Ž 11.35 = 0.50 — v3 
v- 0 11.35 — 0 


Solving Eqs.[1] and [2] yields: 
w = 22.7 rad/s 


v3 = 0 


Ans: 
w = 22.7 rad/s 
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19-38. 


The plank has a weight of 30 lb, center of gravity at G, and it 
rests on the two sawhorses at A and B. If the end D is raised 
2 ft above the top of the sawhorses and is released from 
rest, determine how high end C will rise from the top of the 
sawhorses after the plank falls so that it rotates clockwise 
about A, strikes and pivots on the sawhorses at B, and 
rotates clockwise off the sawhorse at A. 


SOLUTION 


3 ft = ft=--1.5 = 3 ft 


Establishing a datum through AB, the angular velocity of the plank just before striking 


Bis 


T+V,=h+V, 


0 + 30 215) s (9) 4 i (1.5F |(wcp)3 + 0 
6 2112\32.2 32.2 


(@cp)2 = 1.8915 rad/s 
(vog) = 1.8915(1.5) = 2.837 m/s 
(C+) (Hs) = (Hp) 


1/ 30 


PESOS -— 5 (2837)(1L.5) = HENO ows f Z Cols) 


Since (vg); = 1.5(w48)3 
(wag) = 0.9458 rad/s 
(vg)3 = 1.4186 m/s 
T; + V3 = Ty + V3 


407 30405 n i x) j 
= — == ; + 4 = ](1. +0=0+ 
Al 4 2O [o 9458) + 5 (1.4186)? + 0 = 0 + 30hg 


32.2 
hg = 0.125 


Thus, 


6 
hc = 7500-125) = 0.500 ft 
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Ans: 
he = 0.500 ft 
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19-39. 


The 12-kg rod AB is pinned to the 40-kg disk. If the disk is 
given an angular velocity wp = 100 rad/s while the rod is 
held stationary, and the assembly is then released, determine 
the angular velocity of the rod after the disk has stopped 
spinning relative to the rod due to frictional resistance at 
the bearing B. Motion is in the horizontal plane. Neglect 
friction at the pin A. 


SOLUTION 


Conservation of Angular Momentum 


Initial: Since the rod is stationary and the disk is not translating, the total angular 
momentum about A equals the angular momentum of the disk about B, where for 


the disk J, = mor = 3(40)(0.3) = 180kg-m’. 


(Ha) = Ipw, = 1.80(100) = 180 kg- m’/s 


1 1 
Final: The rod and disk move as a single unit for which Z4 = 3 mpl? z” pr? + mpl’ 


7 3(12)02) + 3(40)(03) + (40)(2)? = 177.8 kg: m’. 


(Hah = Ih w = 177.8 (05) 
Setting (H4), = (H4) and solving, 
w, = 1.012 rad/s = 1.01 rad/s 


Ans: 
w = 1.01 rad/s 
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*19-40. 


A thin rod of mass m has an angular velocity wọ while 
rotating on a smooth surface. Determine its new angular 
velocity just after its end strikes and hooks onto the peg and 
the rod starts to rotate about P without rebounding. Solve 
the problem (a) using the parameters given, (b) setting 
m = 2kg, w = 4rad/s, / = 1.5m. 


SOLUTION 


= =(Hp), 
1 
E mt? |o 


1 
7 ®0 


4 
1 


(b) From part (a) @ = 70 = 7 (4) = 1 rad/s 
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19-41. 


Tests of impact on the fixed crash dummy are conducted 
using the 300-lb ram that is released from rest at 0 = 30°, 
and allowed to fall and strike the dummy at 0 = 90°. If the 
coefficient of restitution between the dummy and the ram is 
e = 0.4, determine the angle @ to which the ram will 
rebound before momentarily coming to rest. 


SOLUTION 
Datum through pin support at ceiling. 
T+V=h+ Vy 


1/300 
0 — 300(10 sin 30°) = (Sor — 300(10) 


v = 17.944 ft/s 


v’—0 
0 — (17.944) 


(5) e=04= 


v’ = 7.178 ft/s 


T, + Vz = T3 + V3 


E 
2 


78) — 300(10) = 0 — 300(10 sin 0) 


0 = 66.9° 
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19-42. 


The vertical shaft is rotating with an angular velocity of 
3 rad/s when 0 = 0°. If a force F is applied to the collar so 
that 0 = 90°, determine the angular velocity of the shaft. 
Also, find the work done by force F. Neglect the mass of 
rods GH and EF and the collars J and J. The rods AB and 
CD each have a mass of 10 kg. 


SOLUTION 


Conservation of Angular Momentum: Referring to the free-body diagram of the 
assembly shown in Fig. a, the sum of the angular impulses about the z axis is zero. 
Thus, the angular momentum of the system is conserved about the axis. The mass 
moments of inertia of the rods about the z axis when 0 = 0° and 90° are 


(I) = 50006) + 10(0.3 + 0.1} | = 3.8 kg + m? 


(L) = 2| 1000.8) | = 0.2 kg: m? 


10(F-BI) N 109-61) N 
(H.), = (H.)2 l 
3.8(3) = 0.2% 
@ = 57 rad/s Ans. 


Principle of Work and Energy: As shown on the free-body diagram of the assembly, 
Fig. b, W does negative work, while F does positive work. The work of W is 
Uw = -Wh = —10(9.81)(0.3) = —29.43 J. The initial and final kinetic energy of the 


1 1 1 

assembly is 7; = s (I)o = 3 (3.8)(37) =171J and T= A (Iho? = 
1 

5 (0.2)(57°) = 324.9 J. Thus, 


Ti + XU, -2 = T 


17.1 + 2(—29.43) + Up = 324.9 


Ans: 
œw = 57 rad/s 
Up = 367 J 
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19-43. 


The mass center of the 3-lb ball has a velocity of 
(vg), = 6 ft/s when it strikes the end of the smooth 5-Ib 
slender bar which is at rest. Determine the angular velocity 
of the bar about the z axis just after impact if e = 0.8. 


SOLUTION 


Conservation of Angular Momentum: Since force F due to the impact is internal to 
the system consisting of the slender bar and the ball, it will cancel out. Thus, angular 
momentum is conserved about the z axis. The mass moment of inertia of the slender 


5 
\(e) = 02070 stug: £2. Here, toy = 2, 


32.2 2 


1 
bar about the z axis is J, = D ( 


Applying Eq. 19-17, we have 
(A-J = (Az)2 


[my (ve) |(r5) = Lz. 2 + [my (ve)2|(r») 


(535 oe = 02070] | + (3 e0 


Coefficient of Restitution: Applying Eq. 19-20, we have 


_ (vg)2 — (vah 
(vg) — (va) 


pac Wa = Web 
6-0 
Solving Eqs. (1) and (2) yields 
(vg)2 = 2.143 ft/s (vg)2 = 6.943 ft/s 


Thus, the angular velocity of the slender rod is given by 


(vgh 6.943 
2 2 


3.47 rad/s 


w2 
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(vo) = 6 ft/s 


P 


Ans: 
w = 3.47 rad/s 
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*19-44, 


The pendulum consists of a slender 2-kg rod AB and 5-kg 
disk. It is released from rest without rotating. When it falls 
0.3 m, the end A strikes the hook S, which provides a 
permanent connection. Determine the angular velocity of 
the pendulum after it has rotated 90°. Treat the pendulum’s 
weight during impact as a nonimpulsive force. 


SOLUTION 


Ton +V=T, + Vy 


0 + 2(9.81)(0.3) + 5(9.81)(0.3) = 5 loa} + Oo) 


(vg), = 2.4261 m/s 


=(As); = =(As)o 
2(2.4261)(0.25) + 5(2.4261)(0.7) = Zoos + 2(0.25)? + 260.2} + 5(0.7) |w 


w = 3.572 rad/s 


T, + Vz = T3 + V3 


1f 1 1 
| oos + 2(0.25) + 760.27 + 507} 6.572} +0 


1 


= H oos + 2(0.25)? + 260.2} + 5(0.7) lo 


+ 2(9.81)(—0.25) + 5(9.81)(—0.7) 


w = 6.45 rad/s 


Ans: 
w = 6.45 rad/s 
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19-45. 


The 10-lb block slides on the smooth surface when the 
corner D hits a stop block S. Determine the minimum 
velocity v the block should have which would allow it to tip 
over on its side and land in the position shown. Neglect the 
size of S. Hint: During impact consider the weight of the 
block to be nonimpulsive. 


SOLUTION 


Conservation of Energy: If the block tips over about point D, it must at least achieve 
the dash position shown. Datum is set at point D. When the block is at its initial and 
final position, its center of gravity is located 0.5 ft and 0.7071 ft above the datum. Its 
initial and final potential energy are 10(0.5) =5.00ft-lb and 
10(0.7071) = 7.071 ft-lb. The mass moment of inertia of the block about point D is 


( = Je + 17) 4 ( = \ 0.5? + 0.57)? = 0.2070 slug - ft? 


P 12\32.2 32.2 %o=0-7o7! ft 


1 1 š 
The initial kinetic energy of the block (after the impact) is z Ip as = 3 (0.2070) %2. E 
Applying Eq. 18-18, we have = 


Tə + Va = T3 + V3 


1 
z (0.2070) w3 + 5.00 = 0 + 7.071 


w, = 4.472 rad/s 


Conservation of Angular Momentum:Since the weight of the block and the normal 
reaction N are nonimpulsive forces, the angular momentum is conserves about 
point D. Applying Eq. 19-17, we have 


(Hp) = (Ap) 


mvg)(r') = Ipw 
(mug)(r') = Ipon ook eer 


(25 )e (os) = 0.2070(4.472) Datum 


v = 5.96 ft/s 


Ans: 
v = 5.96 ft/s 
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19-46. 


Determine the height 4 at which a billiard ball of mass m 
must be struck so that no frictional force develops between 
it and the table at A. Assume that the cue C only exerts a 
horizontal force P on the ball. 


SOLUTION 
For the ball 


(£) my, + > [F dt = m 
0+ P(At) = m, 


G+ (Aah + È {M4 a-cray 


0 + (P)A t(h) = É mr +m P Jon 


Require n = wr 


Solving Eqs. (1)-(3) for h yields 
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19-47. 


The pendulum consists of a 15-kg solid ball and 6-kg rod. If it 
is released from rest when 6; = 90°, determine the angle 62 
after the ball strikes the wall, rebounds, and the pendulum 
swings up to the point of momentary rest. Take e = 0.6. 


100 mm — 


SOLUTION 


Kinetic Energy. The mass moment of inertia of the pendulum about A is 


= 5 ()(2) + =(15)(032) + 15(2.37) | = 87.89 kg m’. 


Thus, 


1 1 
T= zue = z (87.89) w = 43.9450" 


Potential Energy. With reference to datum set in Fig. a, the gravitational potential 
energy of the pendulum is 


Vo = M,8Yr + MsYs 
6(9.81)(—cos 0) + 15(9.81)(—2.3 cos 0) 


= —397.305 cos 0 
Coefficient of Restitution. The velocity of the mass center of the ball is 
v, = org = w(2.3). Thus 


_ 0 = [-@,(2.3)] 
g= w2(2.3) — 0 


w = 0.6w an) 
Conservation of Energy. Consider the pendulum swing from the position 0 = 90° to 
0 = 0° just before the impact, 


(V) = —397.305 cos 90° = 
(V,)2 = —397.305 cos 0° = —397.305 J 
T,=0 D = 43.94503 


T+tVy=h+vV 
0 + 0 = 43.9455 + (—397.305) 
@ = 3.0068 rad/s 
Thus, just after the impact, from Eq. (1) 
w, = 0.6(3.0068) = 1.8041 rad/s 


Consider the pendulum swing from position 0 = 90° just after the impact to 6, 
(Vah = (V) = —397.305 J 
(V,)3 = —397.305 cos 0 
Ty’ = 43.945(1.8041?) = 143.03 J 
T; = 0 (required) 


T' + Vs = T+ Vs 
143.03 + (—397.305) = 0 + (—397.305 cos 0) 
6 = 50.21° = 50.2° 
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*19-48. 


The 4-lb rod AB is hanging in the vertical position. A 2-lb 
block, sliding on a smooth horizontal surface with a velocity 
of 12 ft/s, strikes the rod at its end B. Determine the velocity of 
the block immediately after the collision. The coefficient 
of restitution between the block and the rod at B is e = 0.8. 


12 ft/s 


SOLUTION 


Conservation of Angular Momentum: Since force F due to the impact is internal to 
the system consisting of the slender rod and the block, it will cancel out. Thus, 
angular momentum is conserved about point A. The mass moment of inertia of the 


1/ 4 4 
slender rod about point A is I4 = E -JO H z z.5) = 0.3727 slug: ft?. 


(GP ; 
Here, w = 3° Applying Eq. 19-17, we have 


(H4) = (Ha) 


[mp (vp) (rs) = La@2 + [my (%)2] (75) 


(55 )aae = o.3727| 2 | + Gale: (3) 


Coefficient of Restitution: Applying Eq. 19-20, we have 


_ (ws) — (%)2 


= (%)1 — (wa) 


= (vg) — (Up)2 


5 
(>) 0.8 2-0 


Solving Eqs. [1] and [2] yields 
(Vp)2 = 3.36 ft/s > 


(vg)2 = 12.96 ft/s ard 
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(vp) = 3.36 ft/s > 
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19-49, 


The hammer consists of a 10-kg solid cylinder C and 6-kg 
uniform slender rod AB. If the hammer is released from rest 
when 0 = 90° and strikes the 30-kg block D when 6 = 0°, 
determine the velocity of block D and the angular velocity of 
the hammer immediately after the impact. The coefficient of 
restitution between the hammer and the block is e = 0.6. 


SOLUTION 


Conservation of Energy: With reference to the datum in Fig. a, Vj = (V,); = 
Waal(ycas)t + We(Yec)) = 9 and Vy = (Ve)2 = —W4ag( ycas) — Wc(Yac)2 = 
—6(9.81)(0.25) — 10(9.81)(0.55) = —68.67 J. Initially, T} = 0. Since the hammer 
rotates about the fixed axis, (UG.4B)2 = wrgag = 02(0.25) and 
(VGc)2 = wrge = (0.55). The mass moment of inertia of rod AB and cylinder C 


1 1 
about their mass centers is Ig4pz = pin = pp (605°) = 0.125kg-m? and 


ae! 
12 


1 
To m(3r? + I?) = z0) [3(0.057) + 0.15] = 0.025 kg- m?. Thus, 


1 1 
T, = zicanor + 3 Man(GaB)2 T 3 ac wy + z mcW) 


= 5 (0.125)0i+ 5 (6)[ox(0.25)P + 5 (0.025)o0+ 5 (10) [ w»(0.55) |? 


= 1.775 w? 


Tı + Vi = h + Vz 
0 + 0 = 1.775%? + (—68.67) 
w, = 6.220 rad/s 


Conservation of Angular Momentum: The angular momentum of the system is 
conserved point A. Then, 


(Ha) = (Hah 
0.125(6.220) + 6[6.220(0.25)](0.25) + 0.025(6.220) + 10[6.220(0.55)](0.55) 
= 30vp(0.55) — 0.125w, — 6[@3(0.25)](0.25) — 0.025w; — 10[w3(0.55)](0.55) 


16.5up — 3.55w3 = 22.08 í) 


AyAt 
6[6-220(0.28)) 
[6-220(0.2) 6[W; (0.25)] 


; dt 
05256220) F 
10[6.220(0-58)] 108 At=0 W3(0-55)) 
Line of ñ impact 
(b) 
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19-49. Continued 


Coefficient of Restitution: Referring to Fig. c, the components of the velocity of the 
impact point P just before and just after impact along the line of impact are 


[wP = (vgc)2 = wrge = 6.220(0.55) =3.421 m/s > and [wP] = (voc) = 
W3'GC = W3 (0.55) =. Thus, 


5 pae (vp)3 — [wp] 


KN — (vp)2 


_ (p) — | -03(0.55) | 
3.421 — 0 
(vp); + 0.55@3 = 2.053 


0.6 


Solving Eqs. (1) and (2), 


(vp); = 1.54 m/s w3 = 0.934 rad/s 


Ans: 
(vp); = 1.54m/s 
w = 0.934 rad/s 
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19-50. 


The 20-kg disk strikes the step without rebounding. 
Determine the largest angular velocity œ; the disk can have 
and not lose contact with the step, A. 


SOLUTION 


Conservation of Angular Momentum. The mass moment of inertia of the disk about 
1 1 

its mass center is Ig = ae = 3(20)(0.2") = 0.4kg: m°. Since no slipping occurs, 

Ug = wr = (0.2). Referring to the impulse and momentum diagram, Fig. a, we 

notice that angular moment is conserved about point A since W is nonimpulsive. 


Thus, 


(Ha) = (Hah 
20[co,(0.2)(0.17) + 0.4 w; = 0.4 w + 20[c>(0.2)](0.2) 


w, = 1.1111 a, (1) 


Equations of Motion. Since the requirement is the disk is about to lose contact with the 


0.17 
step when it rotates about A,N, = 0.Here 0 = cos! Cz) = 31.79°. Consider the 


motion along n direction, 


+N 55, = M(ag)}  20(9.81) cos 31.79° = 20[ w3(0.2) ] 
œ = 6.4570 rad/s 
Substitute this result into Eq. (1) 


w, = 1.1111(6.4570) = 7.1744 rad/s = 7.17 rad/s 


WAT 
Ming) FGE = Tt, = O-4 0a 
= COLUI lR) 
Ms), 
=Z0[ 0),(0-2)] 


Ans: 
w, = 7.17 rad/s 
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19-51. 


The solid ball of mass m is dropped with a velocity vı onto 
the edge of the rough step. If it rebounds horizontally off 
the step with a velocity v2, determine the angle 0 at which 
contact occurs. Assume no slipping when the ball strikes the 
step. The coefficient of restitution is e. 


SOLUTION 


Conservation of Angular Momentum: Since the weight of the solid ball is a 
nonimpulsive force, then angular momentum is conserved about point A. The mass 


moment of inertia of the solid ball about its mass center is Iç = zm. Here, 


cos 0 
P v2 : . Applying Eq. 19-17, we have 


(Ha) = (H 4) 


[ my (vp) |(r") = Lg o + [m (v5)2|(r") 


(mv,)(r sin 0) = (2 m (2 = *) + (mv )(r cos 0) 


ae tano 
v1 7 


Coefficient of Restitution: Applying Eq. 19-20, we have 
_ 0 — (v) 
(v) — 0 


_ (v2 sin 6) 


e 


—v, cos 0 


Vi e cos 0 (2) H (Sing 


v sin 0 


Equating Eqs. (1) and (2) yields 
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*19-52, 


The wheel has a mass of 50 kg and a radius of gyration of 
125 mm about its center of mass G. Determine the 
minimum value of the angular velocity @, of the wheel, so 
that it strikes the step at A without rebounding and then 
rolls over it without slipping. 


SOLUTION 


Conservation of Angular Momentum: Referring to Fig. a, the sum of the angular 
impulses about point A is zero. Thus, angular momentum of the wheel is conserved 
about this point. Since the wheel rolls without slipping, (vg); = @r = (0.15) and 
(Ug). = wr = w,(0.15). The mass moment of inertia of the wheel about its mass 
center is J; = mkg? = 50(0.1257) = 0.78125 kg - m*. Thus, 


(Ha) = (Ha) 
50[@,(0.15)](0.125) + 0.78125%; = 50[w2(0.15)](0.15) + 0.78125%2 
w = 1.109% (1) 


Conservation of Energy: With reference to the datum in Fig. a, V) = (V2). = 
W(ya)2 = 9 and V3 = (V,)3 = W(yg)3 = 50(9.81)(0.025) = 12.2625 J. Since the 
wheel is required to be at rest in the final position, 7; = 0. The initial kinetic energy 


1 1 1 1 
of the wheel is T) = zo) + gloor = 3050) [o2(0.15) + 3(0-78125)(2") = 
0.953125%. Then 


T, + Vz = T3 + V3 
0.953125." + 0 = 0 + 12.2625 


w = 3.587 rad/s 


Substituting this result into Eq. (1), we obtain 


@, = 3.98 rad/s 


OTEREN; S50G8VAt 2-0 sollo) 
50[uy,(0.15)] 
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19-53. 


The wheel has a mass of 50 kg and a radius of gyration of 
125 mm about its center of mass G. If it rolls without 
slipping with an angular velocity of w, = 5 rad/s before it 
strikes the step at A, determine its angular velocity after it 
rolls over the step. The wheel does not loose contact with 
the step when it strikes it. 


SOLUTION 


Conservation of Angular Momentum: Referring to Fig. a, the sum of the angular 
impulses about point A is zero. Thus, angular momentum of the wheel is conserved 
about this point. Since the wheel rolls without slipping, (vg); = œr = (5)(0.15) = 
0.75 m/s and w = wr = @ (0.15). The mass moment of inertia of the wheel about its 
mass center is Ig = mkg? = 50(0.125*) = 0.78125 kg - m°. Thus, 

(Ha) = (Ha) 

50(0.75)(0.125) + 0.78125(5) = 50[w2(0.15)](0.15) + 0.78125a 

w = 4.508 rad/s (1) 


Conservation of Energy: With reference to the datum in Fig. a, V) = (V) = 
W(yc) = 0 and V; = (V,); = W(yc); = 50(9.81)(0.025) = 12.2625 J. The initial 


1 1 1 
kinetic energy of the wheel is T = zmo H zlo% = 5(50)[(0.15)}° + 


1 
5 (0.78125)w* = 0.953125w*. Thus, T) = 0.953125,” = 0.953125(4.508") = 19.37 J 
and T} = 0.953125w;”. 


Ty + Va = Ts + Vs 
19.37 + 0 = 0.953125%; + 12.2625 


wz = 2.73 rad/s 


50(075) 4- mjs 
076125 (5) kg mh 50GB At 20 sopro 
: O7bISW, 


w3 = 2.73 rad/s 
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19-54. 


The rod of mass m and length L is released from rest 
without rotating. When it falls a distance L, the end A strikes 
the hook S, which provides a permanent connection. 
Determine the angular velocity w of the rod after it has 
rotated 90°. Treat the rod’s weight during impact as a 
nonimpulsive force. 


SOLUTION 
T.+V=Th+ Vz 


ng S mat 
8. zee T 


0G = 2gL 
A, = H, 
L 1 
mV 2gL (5) = yin L'(or) 
_ 3 VL 


2 L 


w2 


Ty + Vg = Ty +V; 
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19-55. 


The 15-lb rod AB is released from rest in the vertical 
position. If the coefficient of restitution between the floor 
and the cushion at B is e = 0.7, determine how high the end 
of the rod rebounds after impact with the floor. 


SOLUTION 


Tl =VY=-h+ Vy 


0 + 15(1) = Ho fod 


w = 6.950 rad/s Hence (vg). = 6.950(2) = 13.90 rad/s 


0 — (vs) 0 — (vs) 
(+1) e= Gee 0.7 = 73.90 


(vg)3 = —9.730 ft/s = 9.730 ft/s 7 


(vg)3 9.730 
2 2 


4.865 rad/s 


T; + V3 = Ty + V4 


(3) QP (4.865) = 0 + 15(hg) 


32.2 
; = 0.490 ft 


= 2hg = 0.980 ft 
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*19-56. 

A ball having a mass of 8 kg and initial speed of 
vı = 0.2 m/s rolls over a 30-mm-long depression. Assuming 
that the ball rolls off the edges of contact first A, then B, 


without slipping, determine its final velocity v) when it 
reaches the other side. 


SOLUTION 


h = 125 — 125 cos 6.8921° = 0.90326 mm 


Ti+ Vi =T, +V, 
1 1/2 
3 (8)(0.2)? + 5 E 8012576? +0 


= —(0.90326)(107°)8(9.81) + 5 (8)0(0.125)" + aE (80.125 |(wy 
w = 1.836 rad/s 
(Hg) = (Hp)s 
É (9)(0.25) |836) + 8(1.836)(0.125) cos 6.892°(0.125 cos 6.892°) 


— 8(0.22948 sin 6.892°)(0.125 sin 6.892°) 


BOBIDN 


= [200.1257 fo + 8(0.125)w3 (0.125) 
wz = 1.7980 rad/s 


T3 +V;3=T,+V, 


JE (8)(0.125) 1.7980} + 5(8)(1.7980)2(0.125) +0 


8(9.81)(0.90326(10~*)) + ; E (80.125) os)? 
5 8104)0.125} 


w4 = 1.56 rad/s 
So that 
v = 1.56(0.125) = 0.195 m/s Ans. 


8(9-8I)N 8G.81)N : 8(1-836) (0.125) 
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u) 


3 Ans: 
v, = 0.195 m/s 
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19-57. 


A solid ball with a mass m is thrown on the ground such that 
at the instant of contact it has an angular velocity w, and 
velocity components (vg)xı and (vg); as shown. If the 
ground is rough so no slipping occurs, determine the 
components of the velocity of its mass center just after 
impact. The coefficient of restitution is e. 


SOLUTION 
Coefficient of Restitution (y direction): 


9 = (va)y2 


ae a (vg) y1 —0 


(ve)y2 am —e(vg) y1 T e(va)yi t Ans. 


Conservation of angular momentum about point on the ground: 


(C+) (Ha) = (Hah 


2 2 
E mro + m(vo)ir = zmr on + m(vg)x2f 


Since no slipping, (vg). = 2 r then, 


2 
(0o, 17 3r ) 
TE 


w = 


Therefore 


(wa) = (woe: ~ Eon r) 
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19-58. 


The pendulum consists of a 10-lb solid ball and 4-lb rod. If 
it is released from rest when 6) = 0°, determine the angle 
6, of rebound after the ball strikes the wall and the 
pendulum swings up to the point of momentary rest. Take 
e = 0.6. 


SOLUTION 


_1/ 4 2, 2/10 + (2) 5 pe 
Ta Eo (03) t | S55 |23% = 1.8197 slug: ft 


Just before impact: 


T+V,=h+V, 


1 
0 + 0 + 5 (1.8197)u* — 4(1) — 10(2.3) 


w = 5.4475 rad/s 


vp = 2.3(5.4475) = 12.529 ft/s 


Since the wall does not move, 


(+) eo Oa a eS) 


(vp) = 7.518 ft/s 
wo! = is 3.2685 rad/s 
23 
T3 + V3 = Ta F Vi 
1 
5 (1.8197) (3.2685)* — 4(1) — 10(2.3) = 0 — 4(1) sin 6, — 10(2.3 sin 01) 


6, = 39.8° 


1044 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


20-1. 


The propeller of an airplane is rotating at a constant speed 
w,i, while the plane is undergoing a turn at a constant rate 
w,. Determine the angular acceleration of the propeller if 
(a) the turn is horizontal, i.e., œk, and (b) the turn is 
vertical, downward, i.e., œj. 


SOLUTION 
(a) For w, Q = w,k. 
(@s)xyz = (@s)xyz + QO X a, 
= 0+ (w k) X (wi) = o,0,j 


For w, Q = 0. 


(@) xyz = (Oxyz t OX ok =0+0=0 


v = (ws)xyz + (@)xvz 
= ws wj + 0 = woj 
(b) For w, Q = a,j. 
(@)xvz = (@s)xyz + Q X os 
= 0+(@,j) X (wsi) = ~w, w; K 

For w,, Q = 0. 
(a) xyz = (@)xyz + AX ow, =0+0=0 

a = = (ws)xyz + (@)xvz 


o,o,k + 0 = -ww k 
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20-2. 


The disk rotates about the z axis at a constant rate 
w, = 0.5 rad/s without slipping on the horizontal plane. 
Determine the velocity and the acceleration of point A on 
the disk. 


SOLUTION a= 05 me f 


"a 


Angular Velocity: The coordinate axes for the fixed frame (X, Y, Z) and rotating 
frame (x, y, z) at the instant shown are set to be coincident. Thus, the angular 
velocity of the disk at this instant (with reference to X, Y, Z) can be expressed in 
terms of i, j, k components. Since the disk rolls without slipping, then its angular 
velocity w = w, + œ, is always directed along the instantaneuos axis of zero 
velocity (y axis). Thus, 


w = w; + wz 
—wj = —w;, cos 30°j — w,sin 30°k + 0.5k 


Equating k and j components, we have 
0 = —a, sin 30° + 0.5 w, = 1.00 rad/s 


—w = —1.00 cos 30° w = 0.8660 rad/s 


Angular Acceleration: The angular acceleration a will be determined by 
investigating the time rate of change of angular velocity with respect to the fixed 
XYZ frame. Since w always lies in the fixed X—Y plane, then w = {—0.8660j} rad/s is 
observed to have a constant direction from the rotating xyz frame if this frame is 
rotating at Q = œw, = {0.5k} rad/s. Applying Eq. 20-6 with (@),,, = 0, we have 


a = ò = (W)xy, + œz X © = 0 + 0.5k X (—0.8660j) = {0.4330i} rad/s? 


Velocity and Acceleration: Applying Eqs. 20-3 and 204 with the w and a obtained above 
andr, = {(0.3 — 0.3 cos 60°)j + 0.3 sin 60°k} m = {0.15j + 0.2598k} m, we have 


V4 = æ X ry = (—0.8660j) x (0.15j + 0.2598k) = {—0.225i} m/s Ans. 
a, =a Xr+ wX (w@Xry) 
= (0.4330i) x (0.15j + 0.2598k) 
+ (—0.8660j) x [(—0.8660j) x (0.15j + 0.2598k)] 


= {—0.1125j — 0.130k} m/s? 


Ans: 
v4 = {—0.225i} m/s 
a4 = {—0.1125j — 0.130k} m/s? 
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20-3. 


The ladder of the fire truck rotates around the z axis with an 
angular velocity œ = 0.15 rad/s, which is increasing at 
0.8 rad/s”. At the same instant it is rotating upward at a 
constant rate œ = 0.6 rad/s. Determine the velocity and 
acceleration of point A located at the top of the ladder at 
this instant. 


SOLUTION 
w = w; + œ = 0.15k + 0.61 = {0.61 + 0.15k} rad/s 


Angular acceleration: For w, œ = w; = {0.15k} rad/s. 
(@2) xyz = (@2)xyz + w X o% 
= 0 + (0.15k) x (0.61) = {0.09j} rad/s? 


For œw, Q = 0. 


(@:)xvz = (@1)sxyz + @ X @ = (0.8k) + 0 = {0.8k} rad/s? 


a = o = (@)xyz + (@) xyz 


a = 0.8k + 0.09 = {0.09j + 0.8k} rad/s? 
r4 = 40 cos 30°} + 40 sin 30°k = {34.6415 + 20k} ft 
V4 =O x ra 


(0.6i + 0.15k) X (34.641j + 20k) 


= {—5.20i — 12j + 20.8k} ft/s 


=axrroaxvy, 


= (0.09j + 0.8k) X (34.641j + 20k) + (0.61 + 0.15k) x (—5.20i — 12j + 20.8k) 


= {-24.1i — 13.3j — 7.20k} ft/s? Ans. 
j 


Ans: 
v4 = {—5.20i — 12j + 20.8k} ft/s 
ay = {—24.1i — 13.3j — 7.20k} ft/s? 
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*20-4. 


The ladder of the fire truck rotates around the z axis with 
an angular velocity of w = 0.15 rad s, which is increasing 
at 0.2 rad/s’. At the same instant it is rotating upward at 
œ = 0.6 rad/s while increasing at 0.4 rad/s’. Determine the 
velocity and acceleration of point A located at the top of 
the ladder at this instant. 


SOLUTION 
rao = 40 cos 30°j + 40 sin 30°k 


rao = (34.641j + 20k} ft 


Q = wk + œi = {0.61 + 0.15k} rad/s 


w = wk + wi + wk X ai 


Ò = 0.2k + 0.4i + 0.15k X 0.6i = {0.4i + 0.09j + 0.2k} rad/s? 


va = Q X ryo = (0.6i + 0.15k) X (34.641j + 20k) 


v4 = {—5.20i — 12j + 20.8k} ft/s 
a, = Q X (Q X ryo) + @ X ryo 
a, = (0.6i + 0.15k) X [(0.6i + 0.15k) x (34.641j + 20k)] 


+ (0.4i + 0.09j + 0.2k) x (34.641j + 20k) 


a, = {—3.33i — 21.3j + 6.66k} ft/s? 


Ans: 
v4 = {—-5.20i — 12j + 20.8k} ft/s 
a, = {—3.33i — 21.3j + 6.66k} ft/s? 
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20-5. 


If the plate gears A and B are rotating with the angular y 
velocities shown, determine the angular velocity of gear C A 
about the shaft DE. What is the angular velocity of DE CGD w,= 5 rad/s 


if 


about the y axis? 


SOLUTION 


The speeds of points P and P’, located at the top and bottom of gear C, are 


vp = (5)(0.1) = 0.5 m/s 
vy = (15)(0.1) = 1.5 m/s 
The /C is located as shown. 


0.5 15 
x — (0.05 — x)’ 
Ws Op 


0.1 0.0125 


x = 0.0125 m 


w = 8w, 


: be tll 
p] = wsl g ed 


1 
- Lai) x (—0.1i + 0.025j) 


j k 
Ws Tg es 0| = 0.0125w,k 
—0.1 0.025 0 


0.5 
®s = D025 40 rad/s Ans. (Angular velocity of C about DE) 


2l 


Wp = 3 (40) = 5 rad/s Ans. (Angular velocity of DE about y axis) 


Ans: 
(@c)pE = 40 rad/s 
(wpr)y = 5 rad/s 
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20-6. 


The conical spool rolls on the plane without slipping. If the z 
axle has an angular velocity of œw; = 3 rad/s and an | 
angular acceleration of a; = 2 rad/s? at the instant shown, 

determine the angular velocity and angular acceleration of a eas EN 


rd 


a,=2 rade TS 


the spool at this instant. 


SOLUTION 
@, = 3 rad/s 


= — = —8.7714 rad/s 
= @ + œ = 3k—8.7714 cos 20°j — 8.7714 sin 20°k 
= {—8.24j} rad/s 

(a1) rye 2 rad/s? 

leg =- ~ = —5.8476 rad/s? 
i sin 20 


(èz 


w = (a) eye + w X @ + (a) xe + w X o 


= 2k + 0 + (—5.8476 cos 20°j — 5.8476 sin 20°k) + (3k) X (—8.7714 cos 20°j — 8.7714 sin 20°k) 
{24.7i—5.49j} rad/s? Ans. 


Ans: 
w = {—8.24j} rad/s 
a = {24.7i — 5.49j} rad/s? 
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20-7. 


At a given instant, the antenna has an angular motion 
w = 3rad/s and w, = 2 rad/s? about the z axis. At this 
same instant 0 = 30°, the angular motion about the x axis is 
w = 1.5 rad/s, and & = 4 rad/s’. Determine the velocity 
and acceleration of the signal horn A at this instant. The 
distance from O to A isd = 3 ft. 


SOLUTION 
r4 = 3 cos 309 + 3 sin 30°k = {2.598j + 1.5k} ft 


Q = a, t w = 3k + 1.5i 
va=Z Q Xray 


v4 = (3k + 1.5i) X (2.598j + 1.5k) 


= —7.794i + 3.897k — 2.25j 


= {—7.79i — 2.25j + 3.90k} ft/s 


= o + o 


= (2k + 0) + (4i + 3k X 1.5i) 


= 4i + 4.5j + 2k 
a= 0Xra +Q Xvi 


a, = (4i + 4.5j + 2k) X (2.598j + 1.5k) + (3k + 1.5i) X (—7.794i — 2.25j + 3.879k) 


a, = {8.30i — 35.2j + 7.02k} ft/s? Ans. 


Ans: 
v4 = {-7.79i — 2.25j + 3.90k} ft/s 
a, = {8.30i — 35.2j + 7.02k} ft/s? 
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*20-8. 


The disk rotates about the shaft S, while the shaft is 
turning about the z axis at a rate of w, = 4 rad/s, which is 
increasing at 2 rad/s?. Determine the velocity and 
acceleration of point A on the disk at the instant shown. he rad/s? 
No slipping occurs. 


ya rad/s 


SOLUTION 


Angular Velocity. The instantaneous axis of zero velocity (JA) is indicated in Fig. a, 
Here, the resultant angular velocity is always directed along JA. The fixed XYZ 
reference frame is set to coincide with the rotating xyz frame. 


w = w + oa 
2 i k 

w w! 
V26 v26 


Equating k and i components, 


= —4k + wi 


w= 4\/26 rad/s 


ae 


v26 


3 1 
Thus, œ = —— (4V26)i - —— 
V26 V26 
Angular Acceleration. The direction of œ does not change with reference to xyz 
rotating frame if this frame rotates with Q = w, = {—4k} rad/s. Here 


(426) = «œ, œ, = 20 rad/s 


(4V26)k = {20i — 4k} rad/s 


_ = >, (2) ye = Slory = 5(2) = 10 rad/s? 
Therefore 
@) = (@2)xy2 + Q X @ 
10i + (—4k) x (20i) 
{10i — 80j} rad/s? 


Since the direction of œ; will not change that is always along z axis when Q = a, 
then 


@, = (M)xyz + @ X Oy 


w = (@1)xyz = {2k} rad/s” 
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*20-8. Continued 


= a, + o 


= —2k + 10i — 80j 


= {10i — 80j — 2k} rad/s? 


Velocity and Acceleration. Here r4 = {0.5i + 0.1k} m 
v4 = æ X r4 = (20i — 4k) x (0.5i + 0.1k) 
{-4.00j} m/s 
=a Xryt+ o X (@ X rg) 
= (10i — 80j — 2k) x (0.5i + 0.1k) + (20i — 4k) x (—4.00j) 
= {-24i — 2j — 40k} m/s” 


= {-4.00j} m/s 
{—24i — 2j — 40k} m/s” 
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20-9. 


The disk rotates about the shaft S, while the shaft is 
turning about the z axis at a rate of w, = 4 rad/s, which is 
increasing at 2 rad/s*. Determine the velocity and 
acceleration of point B on the disk at the instant shown. the rad/s? 


No slipping occurs. 


j 4 rad/s 


SOLUTION 


Angular velocity. The instantaneous axis of zero velocity (JA) is indicated in Fig. a. 
Here the resultant angular velocity is always directed along JA. The fixed XYZ 
reference frame is set coincide with the rotating xyz frame. 


w = w + oa 
5 1 


wi wk = 
V26 V26 


Equating k and i components, 


= 4\/26 rad/s 


= 20 rad/s 


1 
V26 


Angular Acceleration. The direction of œ does not change with reference to xyz 
rotating frame if this frame rotates with Q = w, = {—4k} rad/s. Here 


(4V26)k = {20i — 4k} rad/s 


5 
Thus, o = ——(4V26)i — 
Ce ) 


(@2)xyz _ 2, 
(01) xyz T 


Therefore, 


(@2) xyz T S(@1)xyz = 5(2) = 10 rad/s* 


w = (@2)xyz + QO xX @ 
= 10i + (—4k) x (20i) 
= {10i — 80j} rad/s” 


Since the direction of œ will not change that is always along z axis when Q = a, 
then 


AN = (@1)xyz T w x w1 


ao, = (@1) xyz = {-2k} rad/s” 
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20-9. Continued 


= œ + o 


-2k + (10i — 80j) 


= {10i — 80j — 2k} rad/s” 


Velocity and Acceleration. Here rg = {0.5i — 0.1j} m 
vg = w X rp = (20i — 4k) x (0.51 — 0.1j) 
= £0.4i — 2j — 2k} m/s 
=a Xrzpt+ wX (wX rg) 


(10i — 80j — 2k) x (0.5i — 0.1j) + (20i — 4k) x (—0.4i — 2j — 2k) 


{8.201 + 40.6j — k} rad/s’ Ans. 


Ans: 
vg = {-0.4i — 2j — 2k} m/s 
ag = {8.201 + 40.6j — k} rad/s” 
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20-10. 


The electric fan is mounted on a swivel support such 
that the fan rotates about the z axis at a constant rate 
of w, = 1 rad/s and the fan blade is spinning at a 
constant rate w, = 60 rad/s. If ¢ = 45° for the motion, 
determine the angular velocity and the angular 
acceleration of the blade. 


SOLUTION 


w = F Ws 


+ 60 cos 45°j + 60 sin 45°k 
42.426j + 43.426k 
{42.4j + 43.4k} rad/s 

v= W, + Os 
0+0+ ow, X o 


1k X 42.426j + 43.426k 


{42.4i} rad/s 


Ans: 
w = {42.4j + 43.4k} rad/s 
a = {—42.4i} rad/s? 
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20-11. 


The electric fan is mounted on a swivel support such that the 
fan rotates about the z axis at a constant rate of w, = 1 rad/s 
and the fan blade is spinning at a constant rate w, = 60 rad/s. 
If at the instant @ = 45°, $ = 2 rad/s for the motion, 
determine the angular velocity and the angular acceleration 
of the blade. 


SOLUTION 


w Fw, + Wy 


+ 60 cos 45°j + 60 sin 45°k + 2i 
2i + 42.426j + 43.426k 
{2i + 42.4j + 43.4k} rad/s 


ù, + @, +o, 


0 + (w, + or) X ws + w, X oy 


0 + (1k + 2i) X (42.426j + 43.426k) + 1k x (2i) 
—42.426i + 84.853k — 84.853j + 2j 


{—42.4i — 82.9j + 84.9k} rad/s? 


Ans: 
@ = [2i + 42.4j + 43.4k} rad/s 
a = {—42.4i — 82.9j + 84.9k} rad/s? 
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*20-12. 


The drill pipe P turns at a constant angular rate 
wp = 4 rad/s. Determine the angular velocity and 
angular acceleration of the conical rock bit, which rolls 
without slipping. Also, what are the velocity and 
acceleration of point A? 


SOLUTION 
w = w + a 
Since w acts along the instantaneous axis of zero velocity, 
wj = wk + w, cos 45°j + w, sin 45°k 
Setting w = 4 rad/s 

wj = 4k + 0.707%w2j + 0.707w2k 
Equating components 

w = 0.707%, 

0 = 4 + 0.707% 

w = —4 rad/s 

w = —5.66 rad/s 

Thus, 

w = {4.00j} rad/s 

Q 

w =a, + @ 


0 + œ X (w) 


+ (4k) x (—4j) 
» = {16.01} rad/s? 
X TA 
(—4j) x [100(0.707)k] 
= {—282.81} mm/s 
= {-0.283i} m/s 
=a X ry tw XVa 


= (16i) x (100)(0.707)k + (—4j) x (—282.8i) 


= {-1131.2j — 1131.2k} mm/s? 


= (1.13) — 1.13k} m/s” 


= {-4.00j} rad/s 

{16.01} rad/s? 

v4 = {-0.283i} m/s 
a4 = (-1.13j — 1.13k} m/s? 
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20-13. 


The right circular cone rotates about the z axis at a constant 
rate of œ = 4rad/s without slipping on the horizontal 
plane. Determine the magnitudes of the velocity and 
acceleration of points B and C. 


SOLUTION 


w = w + a 


Since w acts along the instantaneous axis of zero velocity 
wj = 4k + wcos 45°j + œ% sin 45°k. 

Equating components, 

w = 0.707 w% 

0 = 4 + 0.707 œ 


w = —4 rad/s, w = —5.66 rad/s 


Thus, 
w = {—4j} rad/s 
Q = o 
w = 0, + a = 0 + w X o 
= 0+ (4k) x (—5.66 cos 45°j — 5.66 sin 45°k) 
a = w = {16i} rad/s? 
Yg = w X rg = (—4j) x (0.1(0.707)j) = 0 
vg=0 
Vo = w X rc = (—4j) X (0.1(0.707)k) = {—0.2828i} m/s 
vc = 0.283 m/s 
ag = a X rg t+ w X vg = 16i X (0.1)(0.707)j + 0 
ag = {1.131k} m/s 
ag = 1.13 m/s? 


ac = a X rc + w X vc = 16i X (0.1)(0.707)k + (—4j) X (—0.2828i) 


ac = {—1.131j — 1.131k} m/s? 


ac = 1.60 m/s? 


= 0.283 m/s 
= 1.13 m/s’ 
1.60 m/s? 
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20-14. 


The wheel is spinning about shaft AB with an angular w; = 10 rad/s 
velocity of w,= 10 rad/s, which is increasing at a constant ò, = 6 rad/s 
rate of œ= 6 rad/s”, while the frame precesses about the 

z axis with an angular velocity of w, = 12 rad/s, which is 

increasing at a constant rate of wp = 3 rad/s*. Determine 

the velocity and acceleration of point C located on the rim 

of the wheel at this instant. 


SOLUTION 


The XYZ fixed reference frame is set to coincide with the rotating xyz reference frame 
at the instant considered. Thus, the angular velocity of the wheel at this instant can be wp = 12 rad/s 
obtained by vector addition of w, and w>. òp = 3 rad/s” 


w = ws + wp = [10j + 12k] rad/s 


The angular acceleration of the disk is determined from 
a= 0 = 0, + Wp 


If we set the xyz rotating frame to have an angular velocity of Q = w, = [12k] rad/s, 
the direction of w, will remain unchanged with respect to the xyz rotating frame which 
is along the y axis. Thus, 


Ws = (@)xyz + Wp X ws = 6j + (12k) X (10j) = [-120i + 6j] rad/s? 


Since w, is always directed along the Z axis where Q = w,, then 


Pp 


= (cp) xyz + @p X @p = 3k + 0 = [3k] rad/s? 


Op 


Thus, œ = (—120i + 6j) + 3k = [—120i + 6j + 3k] rad/s? 


Here, rç = [0.15i] m, so that 
vc = w X rc = (10j + 12k) x (0.15i) = [1.8j — 1.5k] m/s 
and 
ac =a X rc +w X (wX rc) 


= (—120i + 6j + 3k) x (0.15i) + (10j + 12k) x [(10j + 12k) x (0.15i)] 


= [-36.6i + 0.45j — 0.9k] m/s? Ans. 


Ans: 
vc = {1.8j — 1.5k} m/s 
ac = {—36.6i + 0.45j — 0.9k} m/s” 


1060 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


20-15. 


At the instant shown, the tower crane rotates about the 
z axis with an angular velocity œw; = 0.25 rad/s, which is 
increasing at 0.6 rad/s*. The boom OA rotates downward 
with an angular velocity w = 0.4 rad/s, which is increasing 
at 0.8 rad/s’. Determine the velocity and acceleration of 
point A located at the end of the boom at this instant. 


SOLUTION 


w = w, + w = {-0.4i + 0.25k} rad/s 


Q, = {0.25 k} rad/s 

Ò = (@)xy, + Q X w = (—0.8i + 0.6k) + (0.25k) x (—0.4i + 0.25k) 
= {-0.8i — 0.1j + 0.6k} rad/s” 

r4 = 40 cos 30°j + 40 sin 30°k = {34.64j + 20k} ft 

va =% X r4 = (1— 0.41 + 0.25k) x (34.64j + 20k) 


v4 = {-8.66i + 8.00j — 13.9k} ft/s Ans. 


a4 = a'r, + oœ X v4 = (—0.8i—0.1j + 0.6k) x (34.64j + 20k) + (—0.4i + 0.25k) x (—8.66i + 8.00j — 13.9k) 


a, = {—24.8i + 8.29j — 30.9k} ft/s? Ans. 


8.00j — 13.9k} ft/s 
8.29j — 30.9k} ft/s? 
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*20-16. 


Gear A is fixed while gear B is free to rotate on the shaft S. 
If the shaft is turning about the z axis at w, = 5 rad/s, 
while increasing at 2 rad/s’, determine the velocity and 
acceleration of point P at the instant shown. The face of 
gear B lies in a vertical plane. 


SOLUTION 


Q = {5k — 10j} rad/s 


Q = {50i — 4j + 2k} rad/s? 


vp = X rp 
vp (5k — 10j x (160j + 80k) 
vp = {—1600i} mm/s 
= {—1.60i} m/s 
ap = 0X vp + 0 X xp 


ap = {50i — 4j + 2k} x (160j + 80k) + (—10j + 5k) x (—1600i) 


ap = {—640i — 12000j — 8000k} mm/s? 


ap = {—0.640i — 12.0j — 8.00k} m/s” 


Ans: 
vp = {—1.60i} m/s 
ap = {—0.640i — 12.0j — 8.00k} m/s” 


1062 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


20-17. 


The truncated double cone rotates about the z axis at 
w, = 0.4 rad/s without slipping on the horizontal plane. If 
at this same instant w, is increasing at w, = 0.5 rad/s’, 
determine the velocity and acceleration of point A on 
the cone. 


SOLUTION 


0.8 cos 30° = 0.6928 rad/s 
= {—0.6928j} rad/s 
= 0.4k 
v = (O)y t Q X w 
= 0.5k + (0.4k) X (—0.6928j) 
» = 0.2771i + 0.5k 
= (3 — 3 sin 30°)j + 3 cos 30°k 
(1.5j + 2.598k) ft 
=w X r4 
(—0.6928j) x (1.5j + 2.598k) 
{—1.803} ft/s 
=aXrytwrvy, 


(0.2771i + 0.5k) X (1.5j + 2.598k) + (—0.6928j) x (—1.80i) 


= {—0.750i — 0.720j — 0.831k} ft/s 


Ans: 
va = {-1.80i} ft/s 
ay = {—0.750i — 0.720j — 0.831k} ft/s? 
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20-18. 


Gear A is fixed to the crankshaft S, while gear C is fixed. 
Gear B and the propeller are free to rotate. The crankshaft is 
turning at 80 rad/s about its axis. Determine the magnitudes 
of the angular velocity of the propeller and the angular 
acceleration of gear B. 


80 rad/s 


SOLUTION c HEH a" ae 
Point P on gear B has a speed of \ | i 


vp = 80(0.4) = 32 ft/s 


The ZA is located along the points of contant of B and C 


Wp Ws 


01 04 
w; = 4wp 
w = —wpj + a,k 
= —wpj + 4wpk 
rpo = 0.1j = 0.4k 
Vp = —32i 
Vp = w X Epo 
i j k 
-32i = |0 —wp 4wp 
0 01 04 
—0.8 pi 
40 rad/s 
{—40j} rad/s 
w; = 4(40) k = {160k} rad/s 
Thus, 
w = apt a, 
Let the x,y,z axes have an angular velocity of Q X wp, then 


a = w = wp T s = 0 + wp X (w; + wp) 


a = (—40j) x (160k — 40j) 


a = {—6400i} rad/s” 


Ans: 
wp = {—40j} rad/s 
ag = {—6400i} rad/s? 
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20-19. 


Shaft BD is connected to a ball-and-socket joint at B, and a 
beveled gear A is attached to its other end. The gear is in 
mesh with a fixed gear C. If the shaft and gear A are 
spinning with a constant angular velocity w, = 8 rad/s, 
determine the angular velocity and angular acceleration of 
gear A. 


SOLUTION 


75 100 
y = tan! 200 14.04° B= sin! = 18.87° 


V300? + 75? 


The resultant angular velocity œ = w, + œ is always directed along the 
instantaneous axis of zero velocity ZA. 


w 8 
sin 147.09° sin 18.87° 


w = 13.44 rad/s 


13.44 sin 18.87°i + 13.44 cos 18.87°j 
{4.35i + 12.7j} rad/s 


W2 8 
sin 14.04° sin 18.87° 


@ = 6.00 rad/s 


@ = {6j} rad/s 


w, = 8 sin 32.91°i + 8 cos 32.91°j = {4.34661 + 6.7162j} rad/s y pb 
y . 
w 
For œw, Q = œ, = {6j} rad/s B= 18.87° 


147.09° 
(1) xyz = (@1) xyz + Qo x w 


= 0 + (6j) X (4.3466i + 6.7162j) @, = 8 rad/s 


= 14,04° 
= {—26.08k} rad/s? T 


For œ, Q = 0. 
(@)xyz = (@2)xyz + Q X a =0+0=0 
a = w = (oi)xyyz + (%2)xyz 


a = 0 + (—26.08k) = {—26.1k} rad/s? 


Ans: 
w = {435i + 12.7j} rad/s 
a = {—26.1k} rad/s? 
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*20-20. 


Gear B is driven by a motor mounted on turntable C. If gear 
A is held fixed, and the motor shaft rotates with a constant 
angular velocity of w, = 30 rad/s, determine the angular 
velocity and angular acceleration of gear B. 


SOLUTION 


The angular velocity w of gear B is directed along the instantaneous axis of zero 
velocity, which is along the line where gears A and B mesh since gear A is held fixed. 
From Fig. a, the vector addition gives 


w = wy + oz 

2 j 1 
0) 

Ve v5 


Equating the j and k components gives 


wk = 30j — wk 


o = 155 rad/s 


w, = 15 rad/s 


æ = [30j — 15k] rad/s Ans. 


Here, we will set the XYZ fixed reference frame to coincide with the xyz rotating 
frame at the instant considered. If the xyz frame rotates with an angular velocity of 
Q = œ, = [-15k] rad/s, then w, will always be directed along the y axis with 
respect to the xyz frame. Thus, f 


ùy = (óy)ryz + @, X wy = 0 + (—15k) X (30j) = [450i] rad/s? 
When Q = w,, œw, is always directed along the z axis. Therefore, 


o: = (az) ay¢ + @, X w =0+0=0 


a = ù, + @, = (450i) + 0 = [450i] rad/s? 
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B 


w, = 30 rad/s 


7 y 
TAP m 


= 
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Ans: 
w = [30j — 15k] rad/s 
a = [450i] rad/s” 
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20-21. 


Gear B is driven by a motor mounted on turntable C. If gear 
A and the motor shaft rotate with constant angular speeds of 
w, = {10k}rad/s and w, = ({30j}rad/s, respectively, 
determine the angular velocity and angular acceleration of 
gear B. 


B 


wy = 30 rad/s 


7 y 
J 0.15 m 


PABLAS 


SOLUTION 


If the angular velocity of the turn-table is w,, then the angular velocity of gear B is 


w = w, + œ, = [30j + wk] rad/s 


Since gear A rotates about the fixed axis (z axis), the velocity of the contact point P 
between gears A and B is 


Vp = w4 X r4 = (10k) x (0.3j) = [-3i] m/s 


Since gear B rotates about a fixed point O, the origin of the xyz frame, then 
rop = [0.3j — 0.15k] m. 


=o xX Yop 
= (30j + wk) x (0.3j — 0.15k) 


~(4.5 + 0.30,)i 


-3 = —(4.5 + 03w,) 


w, = —5 rad/s 


w = [30j — 5k] rad/s Ans. 


Here, we will set the XYZ fixed reference frame to conincide with the xyz rotating 
frame at the instant considered. If the xyz frame rotates with an angular velocity of 
Q = œ, = [—5k] rad/s, then w, will always be directed along the y axis with respect 
to the xyz frame. Thus, : 


Wy = (dy) rye + œ; X wy = 0 + (—5k) x (30j) = [150i] rad/s? 
When Q = w, w, is always directed along the z axis. Therefore, 


o, = (z) sy, + @, Xo, =0+0=0 


a = @ + ò, = (150i + 0) = [150i] rad/s” 


Ans: 
w = {30j — 5k} rad/s 
a = {150i} rad/s? 
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20-22. 


The crane boom OA rotates about the z axis with a constant 
angular velocity of œw = 0.15 rad/s, while it is rotating 
downward with a constant angular velocity of 
@ = 0.2 rad/s. Determine the velocity and acceleration of 
point A located at the end of the boom at the instant shown. 


SOLUTION 


w = w + @ = {0.25 + 0.15k} rad/s 


Let the x, y, z axes rotate at Q = @,, then 


o= (@)xyz + ow X o% 


@ = 0 + 0.15k X 0.2j = {—0.03i} rad/s? 


ra = [V(110} — (50)}?]i + 50k = {97.98i + 50k} ft 
i j k 
=wXrm=| 0 02 015 
97.98 0 50 
= {10i + 14.7} — 19.6k} ft/s 
i j k i j 
=a Xr +ø Xv; = |-0.03 0 0o|+l0 02 
97.98 0 50| |10 147 


= {—6.12i + 3j — 2k} ft/s? 


= {10i + 14.7j — 19.6k} ft/s 
= {—6.12i + 3j — 2k} ft/s? 
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20-23. 


The differential of an automobile allows the two rear hen 
wheels to rotate at different speeds when the automobile Frommotor 
travels along a curve. For operation, the rear axles are 

attached to the wheels at one end and have beveled gears A 

and B on their other ends. The differential case D is placed 

over the left axle but can rotate about C independent of the 

axle. The case supports a pinion gear E on a shaft, which 

meshes with gears A and B. Finally, a ring gear G is fixed to 

the differential case so that the case rotates with the ring 

gear when the latter is driven by the drive pinion H. This 

gear, like the differential case, is free to rotate about the left 

wheel axle. If the drive pinion is turning at wy = 100 rad/s 

and the pinion gear E is spinning about its shaft at 

wg = 30 rad/s, determine the angular velocity, w4 and wz, 

of each axle. 


SOLUTION 
Vp = wyry = 100(50) = 5000 mm/s 


(To right 
wheel 


5000 
WG = 780. = 27.78 rad/s 


Point O is a fixed point of rotation for gears A, E, and B. 
Q = wg + wg = {27.78j + 30k} rad/s 
vp = © X rp: = (27.78) + 30k) X (—40j + 60k) = {2866.7i} mm/s 


2866. 
oO, = as = 47.8 rad/s 


vp» = Q X rp» = (27.78j + 30k) X (40j + 60k) = {466.7i} mm/s 


466. 
Op = e = 7.78 rad/s 


Ans: 
wa = 47.8 rad/s 
wg = 7.78 rad/s 
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*20-24. 


The end C of the plate rests on the horizontal plane, 
while end points A and B are restricted to move along 
the grooved slots. If at the instant shown A is moving 
downward with a constant velocity of v, = 4 ft/s, 
determine the angular velocity of the plate and the 
velocities of points B and C. 


SOLUTION 


Velocity equation: 


va = {4k} ft/s vg = —vgj w = wi + wj + ok 


rps = {0.4j + 0.8k} ft rca = {2i + 2j — 1k} ft 


veS (vo)i + (vchi 
Vg = Va + w X EBJA 

i j k 
—vgj = (—4k) + Jo, oy @, 


0 04 08 
Equating i,j and k components 
0.80, — 0.40, = 0 
0.80, = vg 
0.40, — 4 =0 


Vo = Va t œ X Foy 


(vchi + (vc)j = (— 4K) 4 
1 


Equating i,j and k components 
~wy = 2w, = (or) 

2w; + wy = (vo) 

20, — 20, -4=0 

Solving Eqs. [1] to [6] yields: 

w, = 10rad/s w, = 8rad/s w, = 16rad/s vg = 8 ft/s 
(vc) = —40 ft/s (vc)y = 42 ft/s 

Then vg = {—8j} ft/s ve = {-40i + 42j} ft/s 


w = {10i + 8j + 16k} rad/s 


Ans: 
Vg = {—-8j} ft/s vc = {—40i + 42j} ft/s 
w = {10i + 8j + 16k} rad/s 


1070 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


20-25. 


Disk A rotates at a constant angular velocity of 10 rad/s. If 
rod BC is joined to the disk and a collar by ball-and-socket 
joints, determine the velocity of collar B at the instant 
shown. Also, what is the rod’s angular velocity @ gc if it is 
directed perpendicular to the axis of the rod? 


SOLUTION 200 nim i 
LC w = 10 rad/s 
vc = {li} m/s Vg = —vpj ogc = wi + aj + w, k A 
500 mm 


rpic = {—0.2i + 0.6j + 0.3k} m 100 mm 


Yp = Ye F wWBC x IB/C 


ioj 
—vpg = li + 


Equating i, j, and k components 


1 — 0.3w, — 0.6%; = 0 


0.30, + 0.20, = vg 


0.6m, + 0.20, = 0 


Since wgc is perpendicular to the axis of the rod, 


ogc * ¥pjc = (wxi + wyj + œk): (—0.2i + 0.6j + 0.3k) = 0 


0.20, + 0.60, + 0.30, = 0 
Solving Eqs. (1) to (4) yields: 
wx = 0.204 rad/s wy = —0.612 rad/s w, = 1.36 rad/s vg = 0.333 m/s 
Then 
wrc = {0.204i — 0.6125 + 1.36k} rad/s 


vg = {—0.333j} m/s 


Ans: 
@gc = {0.204i — 0.612j + 1.36k} rad/s 
vg = {-0.333j} m/s 
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20-26. 


Rod AB is attached to collars at its ends by using 
ball-and-socket joints. If collar A moves along the fixed 
rod at v4 =5 m/s, determine the angular velocity of the 
rod and the velocity of collar B at the instant shown. 
Assume that the rod’s angular velocity is directed 
perpendicular to the axis of the rod. 


SOLUTION 


The velocities of collars A and B are 


1 1 
va = {5i} m/s Vg = vp sin 45°j + vg cos 45°k = —= vpj + — = vgk 


V2 v2 


Also, rgj4 = (0 — 1)i + (2 — 0)j + (0 — O)k = (-1i + 2j} m and 
wag = wi +@,j + wk. Applying the relative velocity equation, 


Vg = VA + Wap X TB/A 
1 


v2 


ugk = Si + (wi + wyj)w-k X (—1i + 2j) 


= (5 — 20,)i — wj + (2w, + o,)k 
Equating i, j and k components, 
0=5- 20, 
1 


UB >= 


—=0z = 20, + a, 


Assuming that w4pg is directed perpendicular to the axis of rod AB, then 
@AB`ÏBJA — 0 


(wi + wj + œk): (-li + 2j) = 0 


—w, + 2w, = 0 (4) 
Solving Eqs. 1 to 4, 

w, = —1.00 rad/s wy, = —0.500 rad/s œ, = 2.50 rad/s vg = -2.50 V2 m/s 
Then 


wag = {-1.00i — 0.500j + 2.50k} rad/s Ans. 


ee . 
i 2.50V2)j + 


(-2.50V2)k = {—2.50j — 2.50k} m/s Ans. 


“2 
v2 


Note: vg can be obtained by solving Eqs. 1 and 2 without knowing the direction of w,,. 


Ans: 
wasg = {—1.00i — 0.500j + 2.50k} rad/s 
vg = {-2.50j — 2.50k} m/s 
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20-27. 


Rod AB is attached to collars at its ends by using ball-and- 
socket joints. If collar A moves along the fixed rod with a 
velocity of v4 = 5 m/s and has an acceleration a, =2 m/s” at 
the instant shown, determine the angular acceleration of the 
rod and the acceleration of collar B at this instant. Assume 
that the rod’s angular velocity and angular acceleration are 
directed perpendicular to the axis of the rod. 


SOLUTION 


The velocities of collars A and B are 


1 
va = {5i} m/s Vg = vg sin 45°j + vg cos 45°k = —= vpj + —>= 


Va v2 


Also, rg;a = (0 — 1)i + (2 — 0)j + (0 — O)k = (-1i + 2j} m and 
wag = wi +@,j + œK. Applying the relative velocity equation, 


vgk 


Vg = Va + Wap X EBJA 
1 
V2 
E E ee ee w,)k 


V2 


Equating i, j and k components, 


ugk = Si + (wi + wyj)w-k X (—1i + 2j) 


0=5- 20, 
1 
— vp 


—=Up = 20, + a, 


Assuming that w,, is directed perpendicular to the axis of rod AB, then 
MAB lB/A — 0 


(wi + wj + œk): (li + 2j) = 0 


—, + 20, = 0 (4) 
Solving Eqs. 1 to 4, 
w, = —1.00 rad/s wy, = —0.500 rad/s œ, = 2.50 rad/s vg = -2.50 V2 m/s 
Then 


wag = {~1.00i — 0.500j + 2.50k} rad/s Ans. 


wa amaa 


(-2.50V2)k = {-2.50j — 2.50k} m/s Ans. 


A 
v2 


Note: vg can be obtained by solving Eqs. 1 and 2 without knowing the direction of w,,. 
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20-27. Continued 


The accelerations of collars A and B are 


1 
a4 = {2i} m/s’ ag = agsin 45°) + ag cos 45°k = —=ap,j + k 


1 
— ag 
V2 v2 
Also, a4g = a4 + ayj + ak 


Applying the relative acceleration equation, 


F Qap X Vga + Wap X (wag X rga) 


1 
apj 
v2” 
1 


agk = 2i + (ai + a,j + ak) x (-1i + 2j) 


1 
V2 


+ (1.001 — 0.500j + 2.50k) x [(—1.00i — 0.500j + 2.50k) x (—1i + 2j)] 


: agk = (9.5 jit (-a, — 15)j + (2a, + ay)k 


apj t 
v2 v2 
Equating i, j and k components 


= 9.5 — 2a, 


= —qa, — 15 


zZ 


ag = Za, + ay 


a 
V2" 


Assuming that a4, is directed perpendicular to the axis of rod AB, then 


æag'rgja = 0 


(ai + a,j + ak): (~li + 2j) = 0 


y + 2x, = 0 (8) 
Solving Eqs. 5 to 8, 
a, = —7.9 rad/s” ay = —3.95 rad/s’ a, = 4.75 rad/s? ag = -19.75V2 m/s 
Thus, 


&ag = {-7.9i — 3.95j + 4.75k} rad/s? Ans. 


= + (-1975V2)j + + (-19.75V2)j = {-19.75j — 19.75k} m/s? Ans. 
2 


A VA va 


Ans: 
aag = {-7.9i — 3.95] + 4.75k} rad/s? 
ag = {-19.75j — 19.75k} m/s? 
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*20-28. 


If the rod is attached with ball-and-socket joints to 
smooth collars A and B at its end points, determine the 
velocity of B at the instant shown if A is moving upward 
at a constant speed of v, = 5 ft/s. Also, determine the 
angular velocity of the rod if it is directed perpendicular 
to the axis of the rod. 


SOLUTION 
The velocities of collars A and B are 
va = {5k} ft/s vg = —vpj 


Also, rgj4 = (6 — 0)i + (2 — 0)j + (0 — 3)k = {6i + 2j — 3k} ft and 
wag = wit wj + wk. Applying the relative velocity equation, 


Vg = Va + @yp X EBJA 


vpj = 5k + (wi + œj + œk) x (6i + 2j — 3k) 


vgj = (—3e, — 2w,)i + (30, + 6w,)j 4 
Equating i, j and k components, 
0 = —3a, — 20, 
—vz = 3a, + 60, 
0 = 2a, — 6w, + 5 
Assuming that w4p is directed perpendicular to the axis of rod AB, then, 
Mag tpi, = 0 
(wri + wj + ok) -(6i + 2j — 3k) = 0 
6w, + 2w, — 3w, = 0 
Solving Eqs. 1 to 4, 


65 
-og rad/s = —0.6633 rad/s œ, 


30 
= 49 124/5 = 0.6122 rad/s 


45 
-5 rad/s = —0.9183 rad/s vg = 7.50 ft/s 


wag = {-0.663i + 0.612j — 0.918k} rad/s 


vg = {-7.50j} ft/s 
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vg = {-7.50}} ft/s 


0.612j 


0.918k} rad/s 
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20-29. 


If the collar at A in Prob. 20-28 is moving upward with an 
acceleration of a, = {-2k} ft/s’, at the instant its speed is 
v4 = 5 ft/s, determine the acceleration of the collar at B at 
this instant. 


SOLUTION 


The velocities of collars A and B are 


v4 = {5k} ft/s Va = —vpj 


Also, rg;a = (6 — 0)i + (2 — 0)j + (0 — 3)k = {6i + 2j — 3k} ft and 
wag = wit wj + wk. Applying the relative velocity equation, 


F Wap X EBJA 


(wi + oj + œk) x (6i + 2j — 3k) 


Upj = (30, — 2w,)i + (30, + 6w-)j 
Equating i, j and k components, 
0 = —3a, — 20, 
—vz = 3a, + bw, 
0 = 2a, — 6a, + 5 
Assuming that w4p is directed perpendicular to the axis of rod AB, then, 
@,jR tB/a = 0 
(wi + œj + wk) + (6i + 2j — 3k) = 0 
6w, + 2w, — 3w, = 0 


Solving Eqs. 1 to 4, 


65 30 
= 5g rad/s = —0.6633 rad/s œ, = 49 189/5 = 0.6122 rad/s 


45 
= -zg "24/5 —0.9183 rad/s vg = 7.50 ft/s 


wag = {—0.663i + 0.612j — 0.918k} rad/s 
vg = {-7.50j} ft/s 
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20-29. Continued 


The accelerations of collars A and B are 
a, = (-2k} ft/s? ag = apj 
Also, «4g = a,i + œj + ak 
Applying the relative acceleration equation, 


ag = a4 + œ4g X Iga + Map X (wag X rga) 

apy = —2k + (œi + ayj + ak) x (6i + 2j — 3k) 

+ (—0.6633i + 0.6122j — 0.9183k) x [(—0.6633i 
+ 0.6122] — 0.9183k) X (61 + 2j — 3k)] 


apy = (—3a, — 2a, — 9.9490)i + (3a, + 6a, — 3.3163)j + (2a, — 6a, + 2.9745)k 
Equating i, j and k components, 
0 = —3a, — 2a, — 9.9490 (5) 
ag = 3a, + 6a, — 3.3163 (6) 
0 = 2a, — 6a, + 2.9745 (7) 
Eliminate a, from Eqs. 5 and 7 


2a, + 4a, = —22.8724 (8) 
: 2 
Multiply Eq. 6 by 3 and rearrange, 
2 
2a, + 4a, = 348 + 2.2109 


Equating Eqs. (8) and (9) 


2 
—22.8724 = 30B + 2.2109 


ag = —37.625 ft/s 
Thus, 
ag = {-37.6j} ft/s? 


Note: There is no need to know the direction of a4, to determine ap. 


Ans: 
ag = {-37.6j} ft/s 


1077 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


20-30. 


Rod AB is attached to collars at its ends by ball-and- 
socket joints. If collar A has a speed v 4 =4 m/s, determine 
the speed of collar B at the instant z = 2 m. Assume the 
angular velocity of the rod is directed perpendicular to 
the rod. 


SOLUTION 


Ug = Va + w X Ppa 


The velocities of collars A and B are 


v4 = {4k} m/s VB = v(2)i 


3 
Also, the coordinates of points A and B are A(1, 0,2) m and B fo, jis = (2) ! 
4 
1.5 (2)| = B(0, 0.6, 1.2) m. Thus, rga = (0 — 1)i + (0.6 — 0)j + (1.2 — 2)k 


5 


= {-li+ 0.6j — 0.8k}m. Also w4g = wi + wj + wk. Applying the relative 


velocity equation 


Vg = V4 + Wap X IB/A 


gk = 4k + (wi + œj + œk) x (-1i + 0.6j — 0.8k) 


vpj z Vsk = (—0.8w, — 0.6w,)i + (0.80, — w,)j + (0.60, + w, 


Equating i, j and k components 


= —0.80, — 0.60, 


Assuming that w,4, is perpendicular to the axis of the rod AB, then 


wag'rgja = O 


œj + œk): (—1i + 0.6j — 0.8k) = 0 


0.6a, — 0.80, = 0 

Solving Eqs. (1) to (4), 
w, = —1.20 rad/s œw, = —0.720 rad/s œ, = 0.960 rad/s 
vg = 3.20 m/s 


3 4 
en vg ; 5 = Fl sh 2 m/s ns. 
Th z 3.20) 5(3-20)k 1.92j + 2.56k A 


Note: vg can also be obtained by Solving Eqs. (1) to (3) without knowing the 
direction of w4p. 


Ans: 
vg = {-1.92j + 2.56k} m/s 
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20-31. 


The rod is attached to smooth collars A and B at its ends 
using ball-and-socket joints. Determine the speed of B at 
the instant shown if A is moving at v, = 8 m/s. Also, 
determine the angular velocity of the rod if it is directed 
perpendicular to the axis of the rod. 


SOLUTION 
Vg = Va + FB/A 


The velocities of collars A and B are 


3\, 4\. 3 , 4 , 
va = {8k} m/s vy = 02) v(i = Soni 5 lad 


Also, rg;a = (0 — 0)i + (2 — 0)j + (0 — 1)k = {2j — 1k}m and 
wag + wi + wj + ok. Applying the relative velocity equation, 


Vg = V4 + Wap X Tp/A 


4 
i zvij = 8k + (wi + wj + œk) x (2j — 1k) 


2y 
5 B 
2i 
5 2B 


4 
i 5 val = (-, — 20,)i + wj + (20, + 8)k 


Equating i, j and k components, 
3 


= UB = To, — 20, 


5 
Tgb = Wy 
(= 20,48 


Assuming that w,, is perpendicular to the axis of rod AB, then 


@ap ipa = 0 
(wi + wj + wk) + (2j — 1k) = 0 
2w 


p= @, = 0 


Solving Eq (1) to (4) 
= —4.00 rad/s w, = —0.600 rad/s w, = —1.20 rad/s 


= 5.00 m/s 


wag = {—4.00i — 0.600j — 1.20k} rad/s Ans. 


Note. vg can be obtained by solving Eqs (2) and (3) without knowing the direction 
of WAB- 


Ans: 
vg = 5.00 m/s 
wag = {—4.00i — 0.600j 
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*20-32. 


If the collar A in Prob. 20-31 has a deceleration of 
a, = {-5k} m/s’, at the instant shown, determine the 
acceleration of collar B at this instant. 


SOLUTION 
Vg = VA +t ¥pja 


The velocities of collars A and B are 


va = {8k} m/s vg = vf 2) of Si = 


Also, rga = (0 — 0)i + (2 — 0)j + (0 — 1)k = {2j — 1k} mand 
wag + wi + wj + wK. Applying the relative velocity equation, 


Vg = V4 + Wap X TB/A 


4 
5¥pj = 8k + (wi + wj + wk) X (2j — 1k) 


4 
vpi 5 ai = (-, — 20,)i + wj + (20, + 8)k 


5 
Equating i, j and k components, 


3 
zü = =w; = 20, 


5 
4 


-ZUB = Wy 


5 
0 = 20, + 8 
Assuming that w4p is perpendicular to the axis of rod AB, then 
wag'tgja = 0 
(wi + wj + œk): (2j — 1k) = 0 
2w, — w; = 0 


Solving Eq (1) to (4) 


—4.00 rad/s w, = —0.600 rad/s w, = —1.20 rad/s 


= 5.00 m/s 


wag = {—4.00i — 0.600j — 1.20k} rad/s Ans. 


Note. vg can be obtained by solving Eqs (2) and (3) without knowing the direction 
of WAB- 
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*20-32. Continued 


The accelerations of collars A and B are 


3 4 
a, = {-5k} m/s” az = a2) 7E j= 


Also, @4g = ayi + ayj + ak 


Applying the relative acceleration equation, 


ag = a4 + aag X Vga + Mag X (wag X tajp) 


3 
5 


dt : P : 
api +4 zaj = 5k + (ari + a,j + ak) X (2j — 1k) 


(—4.00i — 0.600j — 1.20k) x [(—4.00i — 0.600j — 1.20k) x (2j — 1k)] 


3 4 
zani H zaj = (—a, — 2a,)i + (ay — 35.6)j + (2a, + 12.8)k 


Equating i, j and k components, 


3 
-348 = My + 2a, 


4 
5B = Ay —35.6 


0 = 2ax + 12.8 
Solving Eqs (6) and (7), 
ay = —6.40 rad/? ag = —52.5 m/s? 


ap = : (—52.5)i 4 £ 52.5)j 


= {31.5i — 42.0j} m/s? Ans. 


Note. It is not necessary to know the direction of œ4pg, if only ag needs to be 
determined. 


Ans: 

vg = 5.00 m/s 

wag = {—4.00i — 0.600j — 1.20k} rad/s 
ag = {31.5i — 42.0j} m/s” 


1081 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


20-33. 


Rod CD is attached to the rotating arms using ball-and- 
socket joints. If AC has the motion shown, determine the 


angular velocity of link BD at the instant shown. wac = 3 rad/s 


da = 2 rad/s? 


0.4m 


SOLUTION 

Vp = Vo + @a4B X Epjc 

The velocities of points C and D are 

Vo = wac X rac = 3k x 0.4j = {-1.2i} m/s 


Vp = @Bgp x rgp 7 wpgpj x 0.6i = —0.6wgpk 


Also, rpc = (0.6 — 0)i + (1.2 — 0.4)j + (0.1)k = {0.6i + 0.8j — k} mand 
wcp = wi + wj + o,k. Applying the relative velocity equation, 


Vp = Yo T cp x Ipc 


—0.bwppk = —1.2i + (wi + œj + ok) x (0.61 + 0.8) — k) 
—0.6wgpk = (~w, —0.8, —1.2)i + (w, + 0.6@,)j + (0.80, — 0.6w,)k. 


Equating i, j and k components, 


w, — 0.80, = 12 =0 
w, + 0.60, = 0 
0.80, — 0.6@, = —0.6egp 
Assuming that @cp is perpendicular to the axis of rod CD, then 
Mcp pic = 9 
(wi + œj) + œk): (0.61 + 0.8j — k) = 0 
0.6m, + 0.80, — w, = 0 
Solving Eqs (1) to (4) 


wy, = 0.288 rad/s w, = —0.816 rad/s w, = —0.480 rad/s 


wgp = —1.20 rad/s 


wgp = {—1.20j} rad/s Ans. 


Note: wgp can be obtained by solving Eqs 1 to 3 without knowing the direction 
of WAB- 


Ans: 
@gp = {—1.20j} rad/s 
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20-34. 


Rod CD is attached to the rotating arms using ball- 
and-socket joints. If AC has the motion shown, 
determine the angular acceleration of link BD at this 
instant. 


SOLUTION 

Yp = Vo + Wap X Upjc 

The velocities of points C and D are 

Vo = wac X rac = 3k X 0.4j = {-1.2i} m/s 


Vp = Wend x rgp 7 ppl x 0.61 = —0.6@z pk 


Also, tpjc = (0.6 — 0)i + (1.2 — 0.4)j + (0.1)k = {0.61 + 0.8j — k} mand 
wcp = wi + wj + o,k. Applying the relative velocity equation, 


Vp = Vo F cp x Ip/c 


—~0.6wgpk = —1.2i + (oi + œj + ok) x (0.61 + 0.8] — k) 
—0.6wgpk = ( w 


y ~ 0.80, — 1.2)i + (w, + 0.6H,)j + (0.80, — 0.60,)k. 


Equating i, j and k components, 


w 


y — 0.80, — 1.2 = 0 

w, + 0.60, = 0 

0.80, — 0.6@, = —0.6wgp 

Assuming that wp is perpendicular to the axis of rod CD, then 
Mcp *tpjc = 9 

(wi + œj) + wk): (0.61 + 0.8) — k) = 0 

0.6m, + 0.80, — w, = 0 


Solving Eqs (1) to (4) 


w, = 0.288 rad/s w, = —0.816 rad/s w, = —0.480 rad/s 


wgp = —1.20 rad/s 


wgp = {—1.20j} rad/s Ans. 


Note: wgp can be obtained by solving Eqs 1 to 3 without knowing the direction 
of wcp. 
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20-34. Continued 


The accelerations of points C and D are 

ac = A4c X rac — WACK Ac = (2k x 0.4j) — 3°(0.4j) = {—0.8i, —3.6j} m/s 

ap = @gp X gp — Ogp¥pp = (Agpj X 0.61) — 1.20°(0.61) = —0.864i — 0.6agpk 
Also, acp = a,i + aj + ak and wcp = {0.2881 — 0.816) — 0.480k} rad/s 


Applying the relative acceleration equation, 


ap = ac + Ap X pyc + wcp X (wcp X Fic) 
—0.864i — 0.60gpk = (—0.8i — 3.6j) + (agi + a,j + a,k) x (0.61 + 0.8] — k) 
+ (0.2881 — 0.816j — 0.480k) x [(0.288i — 0.816j — 0.480k) x (0.61 + 0.8j — k)] 


—0.864i — 0.6agpk = (~a, — 0.8a, — 1.38752)i + (a, + 0.6a, — 4.38336)j 
+ (0.8a, — 0.6a, + 0.9792)k 


Equating i, j and k components, 


0.864 = —a, — 0.8a, — 1.38752 (5) 
0 = a, + 0.6a, — 4.38336 (6) 


0.6agp = 0.80, — 0.6a, + 0.9792 (7) 
Assuming that @cp is perpendicular to the axis of rod CD, then 
&cp*tpjc = 9 
(ai + a,j + ak): (0.61 + 0.8) — k) = 0 
0.6a, + 0.8a, — a, = 0 


Solving Eqs. 5 to 8, 


a, = 3.72 rad/? ay = —1.408 rad/s? a, = 1.1056 rad/s* 


agp = —8.00 rad/s” 
Thus, 
agp = {—8.00j} rad/s? Ans. 


Note: agp can be obtained by solving Eqs 5 to 7 without knowing the direction 
of Qacp- 


Ans: 
App = {—8.00j} rad/s” 


1084 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


20-35. 


Solve Prob. 20-28 if the connection at B consists of a 
pin as shown in the figure below, rather than a ball-and- 
socket joint. Hint: The constraint allows rotation of the 
rod both along the bar (j direction) and along the axis 
of the pin (n direction). Since there is no rotational 
component in the u direction, i.e., perpendicular to n 
and j where u =j X n, an additional equation for 
solution can be obtained from œw'u = 0. The vector n 
is in the same direction as rpg X rc/g- 


SOLUTION 
The velocities of collars A and B are 
va = {5k} ft/s Vp = —vpj 


Also, rgi4 = (6 — 0)i + (2 — 0)j + (0 — 3)k = {6i + 2j — 3k} ft and 
wag = wi + wj + wk. Applying the relative velocity equation, 


Vg = V4 + Wap X Tp/A 


vpj = 5k + (wi + oj + œk) X (6i + 2j — 3k) 


vpj = (730, — 2@,)i + (Boy 
Equating i, j and k components, 
0 = —3, — 20, 
—Uz = 30, + 6w, 
0 = 2a, — 6a, + 5 
Here, 


tga X j = (6i + 2j — 3k) X j = 3i + 6k 


rga X j 3i + 6k 3. 6 


= = = 1c k 
Irga X jl V326 V45 v% 


. (i 6 ) 6. 3 
u=jx*n=jxX i+ k] = i 


va Ve) va ve 


It is required that 


wag’ = 0 
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20-35. Continued 


Solving Eqs (1) to (4) 
w, = —0.500 rad/s 


w, = 0.6667 rad/s 


Ug = 7.50 ft/s 
Thus, 
wag = {—0.500i + 0.667j 


1.00k} rad/s 
vg = {-7.50j} ft/s 


wz 


—1.00 rad/s 
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*20-36. 

Member ABC is pin connected at A and has a ball-and- 
socket joint at B. If the collar at B is moving along the 
inclined rod at vg = 8 m/s, determine the velocity of 
point C at the instant shown. Hint: See Prob. 20-35. 


SOLUTION 
Velocities of collars A and B are 
v4 = 04k vg = 8cos 30°j — 8sin30°k = {4V3j — 4k} m/s 


Also, tap = {2i — 1.5k} m and w4g = wi + œj + w,k. Applying the relative 
velocity equation, 


Va = Vg + @Myp X T4/B 
vak = (4V3j — 4k) + (wi + œj + œk) x (2i — 1.5k) 
vak = —1.5w,i + (1.50, + 20, + 4V3)j + (-20, — 4)k 


Equating i, j and k components, 

0 = -1.5 wy w, = 0 

0 = 1.50, + 2w, + 4V3 

va = —2(0)- 4 va = —4m/s 


Here n = j.Thenu=kxn=k xj i. It is required that 


T wj 


Substitute this result into Eq (1), 
0 = 1.5(0) + 2w, + 4V3 
w, = -2V3 rad/s 
Thus, 
OAR = {-2V3k} rad/s 
Here, rc; = {1j — 1.5k}. Using the result of w4p, 
Vo = Vg + @ap X ¥c/p 
vc = (4V3j — 4k) + (-2V3k) x (1j — 1.5k) 
= {2V3i + 4V3j — 4k} m/s 
= {3.461 + 6.93j — 4k} m/s 


Ans: 
vc = {3.461 + 6.93j — 4k} m/s 
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20-37. 


Solve Example 20.5 such that the x, y, z axes move with 
curvilinear translation, = 0 in which case the collar 
appears to have both an angular velocity 0, = œ + œ and 
radial motion. f 


SOLUTION 
Relative to XYZ, let xyz have 
2=0 O2=0 
rg = {—0.5k} m 
vg = (2j} m/s 
ag = {0.75j + 8k} m/s? 


Relative to xyz, let x’ y’ z’ be coincident with xyz and be fixed to BD. Then 


= {4i + 5k} rad/s Oxyz = @ + @ = {1.5i — 6k} rad/s? 
(tc/B) xyz = {0.2j} m 
(Voys)xyz = (c/a) xyz = (c/a) yz + (@1 + @2) X (Hep) xyz 
= 3j + (4i + 5k) x (0.2j) 
= {-li + 3j + 0.8k} m/s 
(acys)xyz = cys)xyz = [ Cecya)s'y'2 + (@ + @2) X (cya) »'y'2 | 


+ó + @2) X (tc/B)xyz] + [lo + œ) X (cj) xyz 


(Ac/p)xyz = [2j + (4i + 5k) x 3j] + [(1.5i — 6k) x 0.2j] + [(4i + 5k) x (—1i + 3j + 0.8k)] 


= {—28.8i — 6.2j + 24.3k} m/s? 


Vo = Vg + Q X rcg + (Veja) xyz 


=2j+0 i + 3j + 0.8k) 


= {—1.00i + 5.00j + 0.800k} m/s 


ac = ag + Q X rcg + Q X (Q X rcs) + 20 X (Veyp)eyz + (A/a) xyz 


= (0.75j + 8k) + 0 + 0 + 0 + (—28.8i — 6.2j + 24.3k) 


= {—28.8i — 5.45j + 32.3k} m/s? 


Ans: 
vc = {—1.00i + 5.00j + 0.800k} m/s 
ac = {—28.8i — 5.45j + 32.3k} m/s” 
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20-38. 
Solve Example 20.5 by fixing x, y, z axes to rod BD so that 


Q = w+ œ. In this case the collar appears only to move 
radially outward along BD; hence 0,,,=0. 


SOLUTION 


Relative to XYZ, let x’ y’ z' be concident with XYZ and have Q’ = œ; and = w 


@ = @, + @ = {4i + 5k} rad/s 


w = w1 F (Oy) = (a) F w1 x o T (o) + w1 x on 
x'y' x'y'z' 


+ [—6k 4 “(ai) x (5k)] = (1.5i — 20j — 6k} rad/s? 


rg = {—0.5k} m 


vo=is= (is) +01 X ra = 0 + (4) X COS) = (2j) m/s 
x'y'z’ 


ay = in = |(i) + on x (is) [+ or x re tor x ip 
x'y'z! xyz! 


= 0 + 0 + |(1.5i) x (—0.5k)] + (4i x 2j) = {0.75j + 8k} m/s? 
Relative to x’ y’z’, let xyz have 
Oey =; yyy = 05 
(rem) = {0.2j}m 
(Yeyp)xye = {3i) m/s 
(acjp)xyz = {2j} m/s” 
Vo = Vp + Q X eye + (V/s) xyz 
2j + [(4i + 5k) x (0.2j)] + 3j 
= {-li + 5j + 0.8k}m/s 


=agt+ Q X rc t+ Q X (O X rcg) + 20 X (Ve/p)xyz + (AcyB) xyz 


(0.75j + 8k) + | (1.5i — 20j — 6k) x (0.2j)] + (4i + 5k) x [(4i + 5k) x (0.2j)] + 2[(4i + 5k) x (3j)] + 2j 


ac = {—28.2i — 5.45j + 32.3k} m/s” Ans. 


Ans: 
vc = {-lit 5j + 0.8k} m/s 
ac = {—28.2i — 5.45j + 32.3k} m/s” 
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20-39. 


At the instant 0 = 60°, the telescopic boom AB of the 
construction lift is rotating with a constant angular velocity 
about the z axis of œw = 0.5 rad/s and about the pin at A 
with a constant angular speed of œ= 0.25 rad/s. 
Simultaneously, the boom is extending with a velocity of 
1.5 ft/s, and it has an acceleration of 0.5 ft/s’, both 
measured relative to the construction lift. Determine the 
velocity and acceleration of point B located at the end of 
the boom at this instant. 


SOLUTION w2, @y 


The xyz rotating frame is set parallel to the fixed XYZ frame with its origin attached to ~ $) 
point A, Fig. a. Thus, the angular velocity and angular acceleration of this frame with 
respect to the XYZ frame are 


Q = œ = {0.5k} rad/s Q = a, =0 
Since point A rotates about a fixed axis (Z axis), its motion can determined from 


v4 = @ X roa = (0.5k) x (—2j) = {1i} ft/s 


m O} x Toa =F w1 x (a x roa) 
0 + (0.5k) x (0.5k) X (—2j) 
= {0.5j} ft/s? 
In order to determine the motion of point B relative to point A, it is necessary to 
establish a second x'y'z’ rotating frame that coincides with the xyz frame at the 
instant considered, Fig. a. If we set the x'y'z’ frame to have an angular velocity of 


Q’ = œ, = {0.25i} rad/s, the direction of rg;4 will remain unchanged with respect to 
the x’ y'z’ frame. Taking the time derivative of rg/4, 


(YB/A)xyz = (tBya)xyz = [(isya)eye + o X rga] 
= (1.5 cos 60°j + 1.5 sin 60°k) + 0.25i xX (15 cos 60°j + 15 sin 60°k) 
= {—2.4976j + 3.1740k} ft/s 


Since Q' = œ, has a constant direction with respect to the xyz frame, then 
Q = œ = 0. Taking the time derivative of (tg/A)xyz» 


(agjA)xyz = (Ë B/A)xyz = [Eey + o X (egya)x'y'e'| + æ X rgja + œ X (Fpya) xyz 


= [0.5 cos 60°j + 0.5 sin 60°k) + 0.25i x (1.5 cos 60°j + 1.5 sin 60°k) | + 0.251 X (—2.4976j + 3.1740k) 
= {—0.8683j — 0.003886k} ft/s? 
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20-39. Continued 


=v4t Q X vaya + (Veja) xyz 


(1i) + (0.5k) x (15 cos 60°j + 15 sin 60°k) + (—2.4976j + 3.1740k) 


= {-2.75i — 2.50j + 3.17k} m/s Ans. 


=a, + Ô X rga +Q X (OX rga) + 20, X (veya)eye + (Asya) xyz 


= 0.5j + 0 + 0.5k X [(0.5k) x (15 cos 60°j + 15 sin 60°k)| 


+ 2(0.5k) X (—2.4976j + 3.1740k) + (—0.8683j — 0.003886k) 


= {2.501 — 2.24j — 0.00389k} ft/s Ans. 


Ans: 
Yg = {-2.75i — 2.50j + 3.17k} m/s 
ag = {2.50i — 2.24j — 0.00389k} ft/s? 
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*20-40. 


At the instant 0 = 60°, the construction lift is rotating about 
the z axis with an angular velocity of œw = 0.5 rad/s and an 
angular acceleration of œ= 0.25 rad/s? while the 
telescopic boom AB rotates about the pin at A with an 
angular velocity of œ= 0.25rad/s and angular 
acceleration of @ = 0.1 rad/s”. Simultaneously, the boom 
is extending with a velocity of 1.5 ft/s, and it has an 
acceleration of 0.5 ft/s”, both measured relative to the 
frame. Determine the velocity and acceleration of point B 
located at the end of the boom at this instant. 


SOLUTION 


The xyz rotating frame is set parallel to the fixed XYZ frame with its origin attached 
to point A, Fig. a. Thus, the angular velocity and angular acceleration of this frame 
with respect to the XYZ frame are 


Q = œ = {0.5k} rad/s Q= @, = {0.25k} rad/s? 
Since point A rotates about a fixed axis (Z axis), its motion can be determined from 
V4 = @ X roa = (0.5k) X (—2j) = {1i} ft/s 
aa = @ X roa + œ; X (@ X roa) 
(0.25k) X (—2j) + (0.5k) x [0.5k x (—2j)] 
= {0.5i + 0.5j} ft/s? 


In order to determine the motion of point B relative to point A, it is necessary to 
establish a second x'y'z’ rotating frame that coincides with the xyz frame at the 
instant considered, Fig. a. If we set the x'y'z’ frame to have an angular velocity of 
Q! = œ, = [0.25i] rad/s, the direction of rg;4 will remain unchanged with respect to 
the x'y'z’ frame. Taking the time derivative of rg/4, 


(Vaja)xyz = (tB/A)xyz = [Geapaeye + o X rga] 
= (1.5 cos 60°j + 1.5 sin 60°k) + [0.25i X (15 cos 60°j + 15 sin 60°k)] 
= {—2.4976j + 3.1740k} ft/s 


Since Q’ = œ, has a constant direction with respect to the xyz frame, then 
0. = & = [0.1i] rad/s”. Taking the time derivative of (fg/A) xyz 


(apya)xyz = (FB/A)xyz = [Esar + w X Esja)xyz] + © X EBJA 


+ œ X (TBjA)xyz 
= (0.5 cos 60°j + 0.5 sin 60°k) + (0.25i) X (1.5 cos 60°j + 1.5 sin 60°k) 
+ (0.1i) X (15 cos 60°j + 15 sin 60°k) + (0.25i) x (—2.4976j + 3.1740k) 


= {—2.1673j + 0.7461k} ft/s 
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20-40. Continued 


= v4 + Q X rga + (Vesa) xyz 


[li] + (0.5k) x (15 cos 60°j + 15 sin 60°k) + (—2.4976j + 3.1740k) 


= {—2.75i — 2.50j + 3.17k} ft/s Ans. 


=a4 + Q X rga +t O X (OX rga) + 20 X (YsjA)xyz + (AB/a) xyz 


(0.5i + 0.5j) + (0.25k) X (15 cos 60°j + 15 sin 60°k) + (0.5k) 


x [(0.5k) x (15 cos 60°j + 15 sin 60°k)] + 2 (0.5k) 


X (—2.4976j + 3.1740k) + (—2.1673j + 0.7461k) 


= {1.12i — 3.54j + 0.746k} ft/s? 


Ans: 
vg = {-2.75i — 2.50j + 3.17k} ft/s 
ag = {1.12i — 3.54j + 0.746k} ft/s? 
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20-41. 


At the instant shown, the arm AB is rotating about the fixed pin 
A with an angular velocity w, =4 rad/s and angular acceleration 
@, =3rad/s?. At this same instant, rod BD is rotating relative to 
rod AB with an angular velocity œw, = 5 rad/s, which is increasing 
at ò, =7 rad/s. Also, the collar C is moving along rod BD with 
a velocity of 3 m/s and an acceleration of 2 m/s”, both measured 
relative to the rod. Determine the velocity and acceleration of 
the collar at this instant. 


SOLUTION _59 0 = S rad/s, 
Q = {4i} rad/s 
Ò = {3i} rad/s? 
rg = {-1.5k} m 
vg = (Fp)yz + Q X rg 
= 0 + (4i) X (—1.5k) 
{6j} m/s 
= ïz = | (ťp)yz + Q X (tp)yz] + Ô X rg t+ OX ig 
0 + 0 + (3i) X (—1.5k) + (4i) x (6j) 
{4.5j + 24k} m/s? 
Qcıg = {Sj} rad/s 
Qo = {7j} rad/s? 
rcg = {0.61} m 
(Voyp)xyz = (tcjB)xyz + Qog X Ecg 
= (3i) + (5j) x (0.6i) 
= {3i — 3k} m/s 


(ac/a)xyz = [ ŒcyB)xyz + Oop X (ic/p)aye | + Oop X Foye + Qog X toys 
= (2i) + (5j) x (Bi) + (7j) x (0.6%) + (5j) X Bi — 3k) 
= {-13i — 34.2k} m/s” 


= vet OX YC/B T (Voy) xyz 


(6j) + (4i) x (0.6%) + (3i — 3k) 


{3i + 6j — 3k} m/s 
= ag + Ô X rog + Q X (Q X rog) + 20 X (Veya) xyz + (Ac/B) xyz 


(4.5j + 24k) + (3i) x (0.64) + (4i) x [(4i)  (0.6i)] 
+ 2(4i) X (3i — 3k) + (—13i — 34.2k) 


ac = {-13.0i + 28.5j — 10.2k} m/s” 


Ans: 
vc = {3i + 6j — 3k} m/s 
ac = {—13.0i + 28.5j — 10.2k} m/s” 
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20-42. 


At the instant 0 = 30°, the frame of the crane and the 
boom AB rotate with a constant angular velocity of 
œ = 1.5 rad/s and œ, = 0.5 rad/s, respectively. Determine 
the velocity and acceleration of point B at this instant. 


SOLUTION 


The xyz rotating frame is set parallel to the fixed XYZ frame with its origin attached 
to point A, Fig. a. The angular velocity and angular acceleration of this frame with 
respect to the XYZ frame are 


Q = œ; = [1.5k] rad/s Q = a, = 0 
Since point A rotates about a fixed axis (Z axis), its motion can be determined from 
V4 = œ X roa = (1.5k) x (1.5j) = [-2.25i] m/s 
a4 = @ X roa + œ; X (w1 X roa) 
= 0 + (1.5k) x [(1.5k) x (1.5j)] 
= [—3.375j] m/s? 


In order to determine the motion of point B relative to point A, it is necessary to 
establish a second x'y'z’ rotating frame that coincides with the xyz frame at the 
instant considered, Fig. a. If we set the x’y'z’ frame to have an angular velocity 
relative to the xyz frame of Q’ = «œ, = [0.5i] rad/s, the direction of (rg/4)xyz will 
remain unchanged with respect to the x’y’z’ frame. Taking the time derivative of 
(tga) xyz 


(Vaya)xyz = (Ba) xyz = [(esyae'y'e + o X (t5/a)xye| 


0 + (0.5i) X (12 cos 30°j + 12 sin 30°k) 
[-3j + 5.196k] m/s 


Since 0" = œw, has a constant direction with respect to the xyz frame, then 
Q! = œ = 0.Taking the time derivative of (I4/g)xyz, 
(A4/B) xyz = (F4/B)xyz = [ eaya)xrye + o X ap)eyz] + @2 x (ta/B) xyz + o X (tA/B)xyz 
= [0 + 0] + 0 + (0.5i) X (—3j + 5.196k) 


= [-2.598j — 1.5k] m/s” 


vg = Va + Q X rga t+ (YB/A)xyz 
= (—2.25i) + 1.5k X (12 cos 30° j + 12 sin 30° k) + (—3j + 5.196k) 


= [-17.8i — 3j + 5.20k] m/s Ans. 
[ j 


ag=a,t+ 0x rga + O X (Q X rga) + 20 X (WaB)xyz + (a4B)xyz 


= (—3.375j) + 0 + 1.5k x [(1.5k) x (12 cos 30° j + 12 sin 30° k)] + 2(1.5k) x (—3j + 5.196k) + (—2.598j — 1.5k) 


= [9i — 29.4j — 1.5k] m/s? Ans. Ans: , 
vg = {—17.8i — 3j + 5.20k} m/s 


ag = {9i — 29.4j — 1.5k} m/s? 
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20-43. 


At the instant 6 = 30°, the frame of the crane is rotating with 
an angular velocity of w,;=1.5rad/s and angular 
acceleration of & = 0.5 rad/s”, while the boom AB rotates 
with an angular velocity of œw = 0.5 rad/s and angular 
acceleration of œ = 0.25 rad/s”. Determine the velocity and 
acceleration of point B at this instant. 


SOLUTION 


The xyz rotating frame is set parallel to the fixed XYZ frame with its origin attached 
to point A, Fig. a. Thus, the angular velocity and angular acceleration of this frame 
with respect to the XYZ frame are 


Q = œ = [1.5k] rad/s Ò = [0.5k] rad/s? 
Since point A rotates about a fixed axis (Z axis), its motion can be determined from 
VA = @1 x roa = (1.5k) x (1.5j) = [-2.25i] m/s 
a, = w1 X roa + w X (@ x roa) 
(0.5k) X (1.5j) + (1.5k) x [(1.5k) x (1.5))] 
= [-0.75i — 3.375j] m/s? 
In order to determine the motion of point B relative to point A, it is necessary to 
establish a second x’y'z’ rotating frame that coincides with the xyz frame at the 
instant considered, Fig. a. If we set the x'y'z' frame to have an angular velocity 
relative to the xyz frame of Q’ = œ, = [0.5i] rad/s, the direction of (rg/A)xyz Will 


remain unchanged with respect to the x’y'z’ frame. Taking the time derivative of 
(tala) xyes 


(Veja) xyz z (tB/A) xyz E [(eayaey'y + o X (5ya)xye| 


= 0 + (0.5%) X (12 cos 30° j + 12 sin 30° k) 
= [-3j + 5.196k] m/s 


Since 0" = œ, has a constant direction with respect to the xyz frame, then 
QO! = ó = [0.25i] m/s”. Taking the time derivative of (ig JA)xyz 
(aga) = (Faya)xyz = [Ceapadey'e + wy X (eaya)x'y'e'| +Ô, x (tB/A)xyz + @2 X (tB/A)xyz 
= [0 + 0] + (0.25i) X (12 cos 30° j + 12 sin 30°k) + 0.5i x (—3j + 5.196k) 


= [—4.098j + 1.098k] m/s” 
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20-43. Continued 


vg = va + Q X veya t+ (YB/A)xyz 
= (—2.25i) + 1.5k X (12 cos 30° j + 12 sin 30°k) + (—3j + 5.196k) 


= [-17.8i — 3j + 5.20k] m/s Ans. 


ag = ag = Ô X rgja + Q X (Q X Epa) + 20 X (YsjA)xyz + (ag/A)xyz 


= (—0.75i — 3.375j) + 0.5k X (12 cos 30°j + 12 sin 30° k) + (1.5k) x [(1.5k) x (12 cos 30° j + 12 sin 30° k)] 


+2(1.5k) X (—3j + 5.196k) + (—4.098j + 1.098k) 


= [3.05i — 30.9j + 1.10k] m/s? Ans. 


eo Es 
E W = 025 radje 


CA) 


Ans: 
vg = {-17.8i — 3j + 5.20k} m/s 
ag = {3.05i — 30.9j + 1.10k} m/s? 
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*20-44. 


At the instant shown, the rod AB is rotating about the 
z axis with an angular velocity œ = 4 rad/s and an 
angular acceleration å; =3 rad/s. At this same instant, 
the circular rod has an angular motion relative to the 
rod as shown. If the collar C is moving down around 
the circular rod with a speed of 3 in./s, which is 
increasing at 8 in./s?, both measured relative to the rod, 
determine the collar’s velocity and acceleration at this 
instant. 


Sin. 
SOLUTION wy = 2 rad/s 
Q = {4k} rad/s a sae 
Ô = {3k} rad/s? 
rg = {5j} in. 
vg = (4k) x (5j) = {—20i} in./s 
ag = ïg = | (Fa)yz + OX (és)y,] + OX rg + OX ip 
(4k) X (—20i) + (3k) x (5j) 
{—15i — 80j} in./s? 
OQog = {2i} rad/s 
Qo = {8i} rad/s? 
rc; = {4i — 4k} in. 
(Voyp)xyz = (tcjB)xyz + Qoe X fcs 
= (—3k) + (2i) x (4i — 4k) 
= {8j — 3k} in./s 


(acjg)xyz = | Œc/B)xyz + Oop X (ic/p)aye | + Oop X rcg + Qcjg X Fcyp 


32 
= ( zi sk) + (2i) X (3k) + (8i) x (4i — 4k) 


+ (2i) x (8j — 3k) 


= {-2.25i + 44j + 8k} in./s? 
= vg + Q X rcg + (Vo/B)xyz 
(—20i) + (4k) x (4i — 4k) + (8j — 3k) 
{-20i + 24j — 3k} in./s 
= a+ û0x rcg + Q X (Q X rcg) + 2Q X (Veys)ayz + (Ac/B) xyz 


= (—15i — 80j) + (3k) x (4i — 4k) + (4k) x [ (4k) x (4i — 4k) | 
+ 2(4k) x (8j — 3k) + (—2.25i + 44j + 8k) 


ac = {-145i — 24j + 8k} in./s?° 


Ans: 
vo = {-20i + 24j — 3k} in./s 
ac = {-145i — 24j + 8k} in./s? 


1098 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


20-45. 


The particle P slides around the circular hoop with a 
constant angular velocity of © = 6 rad/s, while the hoop 
rotates about the x axis at a constant rate of w = 4 rad/s. If 
at the instant shown the hoop is in the x-y plane and the 
angle @ = 45°, determine the velocity and acceleration of 
the particle at this instant. 


SOLUTION 


Relative to XYZ, let xyz have ` A w=Aradls 
Q = w = {4i} rad/s, Q = & = 0 (Q does not change direction relative to XYZ.) 

ro = 0; Vo = 0; ao = 0 

Relative to xyz, let coincident x’, y’, z’, have 


O45, = {6k} rad/s, Oyz = 0 (O,,, does not change direction relative to XYZ.) 


(rpio)xyz = 0.2 cos 45°i + 0.2 sin 45°j = {0.14141 + 0.1414j} m 


(fp/o)xyz (£ P/O) xy z changes direction relative to XYZ.) 


(Vpjo)zy2 = (tro) = (tro) + 0, X (tro) = 0 + (6k) X (0.1414i + 0.1414j) 
xyz x'y'z' f xyz 


= {—0.8485i + 0.8485j} m/s 


(apjo)xyz = (#0) = | (#0) + Oxy: X (izo) , + 0X (rr) +QOx (zo) 
xyz x'y'z x'y'z Xyz xyz 


= [0 + 0] + 0 + (6k) x (—0.8485i + 0.8485j) = {—5.0912i — 5.0912j} m/s? 


Thus, 


vp = Vo + Q X rpg + (Ypjo)xyz = 0 + (4i) X (0.1414: + 0.1414j) — 0.84851 + 0.8485; 


= {0.8491 + 0.849j + 0.566k} m/s 
ap = aọ + Ô x rpo + OQ X (Q X rpo) + 20 X (Veo) xyz + (apjo)xyz 


= 0+ 0 + (4i) x [(4i) x (0.1414i + 0.1414j)| + 2(4i) x (—0.8485i + 0.8485j) — 5.0912i — 5.0912j 


= {—5.09i — 7.35j + 6.79k} m/s? 


Ans: 
vp = {—0.849i + 0.849j + 0.566k} m/s 
ap = {(—5.09i — 7.35j + 6.79k} m/s” 
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20-46. 


At the instant shown, the industrial manipulator is 
rotating about the z axis at œ = 5 rad/s, and about joint 
B at w, = 2 rad/s. Determine the velocity and 
acceleration of the grip A at this instant, when ¢ = 30°, 
6= 45°, and r= 1.6 m. 


SOLUTION 
Q = {5k} rad/s O=0 
rg = 1.2 sin 30°j + 1.2 cos 30°k = {0.6j + 1.0392k} m 
Vp = Èg = (řg)yz + Q X rg = 0 + (Sk) X (0.65 + 1.0392k) = {-3i} m/s 
ag = ïg = | (Fa), + O X (tp)yz] + Ô X rg + OX ig 
= [0 + 0] + 0 + [(5k) x (—-3i)] 
= (15j} m/s? 
Oxy, = {2i} rad/s Oy. =0 
ra/g = 1.6 cos 45°j — 1.6 sin 45°k = {1.1314j — 1.1314k} m 
(VajB)xye = Baye = (tajB)xyz + Oxyz X Bays 
= 0+ (2i) x (1.1314j — 1.1314k) 
= {2.2627} + 2.2627k} m/s 


(A4/B)xyz = Y4/B [ (Eaya)ave os Oyz x (aja) u Lo x rye] + [Oxyz x tag] 
(a4/B)xyz = [0 + 0] + 0 + [(2i) X (2.2627j + 2.2627k) | 
= {—4.5255j + 4.5255k} m/s? 


= vg + Q X rag t+ (VA/B)xyz 
(=3i) + [(5k) x (1.1314j — 1.1314k)] + (2.2627j + 2.2627k) 
{—8.66i + 2.26j + 2.26k} m/s 


= ag + Ô X rag + Q X (Q X rap) + 20 X (Va/B)yz + (a4/B)xyz 
(—15j) + 0 + (Sk) x [(5k) x (1.1314j — 1.1314k)] + [2(5k) X (2.2627j + 2.2627k)] + (—4.5255j + 4.5255k) 
{-22.6i — 47.8j + 4.53k} m/s? Ans. 


Ans: 
v4 = {—8.66i + 2.26j + 2.26k} m/s 
a, = {-22.6i — 47.8j + 45.3k} m/s” 
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20-47. 


At the instant shown, the industrial manipulator is rotating 
about the z axis at œ = 5 rad/s, and © = 2 rad/s’; and 
about joint B at œ, =2 rad/s and ù = 3 rad/s*. Determine 
the velocity and acceleration of the grip A at this instant, 
when ¢ = 30°, 0 = 45°, and r= 1.6 m. 


SOLUTION 
Q = {5k} rad/s Ò = {2k} rad/s? 
rg = 1.2 sin 30°j + 1.2 cos 30°k = {0.6j + 1.0392k} m 
Va = tp = (ta): + Q X rg = 0 + (5k) X (0.6j + 1.0392k) = {-3i} m/s 
ag = ïz = | (fs): + Q X (tB)yc] +Ê X IR +Q X ig 
= [0 + 0] + (2k) x (0.6j + 1.0392k) + [(5k) x (—3i)] 
= {-1.2i — 15j} m/s” 
Qyyz = {2i} rad/s as = {3i} rad/s’ 
ra/g = 1.6 cos 45°j — 1.6 sin 45°k = {1.1314j — 1.1314k} m 
(VajB)xyz = taB = (TA/B)xyz + Qxyz X Vays 
= 0 + (2i) x (1.1314j — 1.1314k) 
= {2.2627j + 2.2627k} m/s 


(aa/a)xyz = T4/B = | (aya) xyz + Oyyz x (tA/B)xyz | + [Oy x ra | + [Aix x tap | 
(aap): = [0 + 0] + (3i) x (1.1314j — 1.1314k) + [(2i) x (2.26275 + 2.2627k)] 
= {-1.1313j + 7.9197k} m/s” 


= vg + Q X rag + (VA/B)xyz 


(—3i) + [(5k) x (1.1314j — 1.1314k)] + (2.2627j + 2.2627k) 


= (8.661 + 2.26j + 2.26k} m/s 


a4 = ag + Ô X rajz + Q X (Q X rag) + 20 X (Va/B)xyz + (a4/B)xyz 


= (—1.2i — 15j) + (2k) X (1.1314j — 1.1314k) + (5k) x [(5k) x (1.1314j — 1.1314k)] 
+ [2(5k) X (2.2627j + 2.2627k)] + (—1.1313j + 7.9197k) 


= (-26.1i — 44.4j + 7.92k} m/s? Ans. 


Ans: 


v4 = {8.664 + 2.26j 
a, = {-26.1i — 44.4j 
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*20-48. 


At the given instant, the rod is turning about the z axis 
with a constant angular velocity w, = 3 rad/s. At this 
same instant, the disk is spinning at œw, = 6 rad/s when 
ò, = 4 rad/s’, both measured relative to the rod. 
Determine the velocity and acceleration of point P on 
the disk at this instant. 


SOLUTION 


Motion of point A. Point A is located at the center of the disk. At the instant 
consider, the fixed XYZ frame and rotating x’ y’ z’ frame are set coincident with 
origin at Point O. The x’ y’ z’ frame is set rotate with constant angular velocity 
of Q’ = w, = {3k} rad/s of which the direction does not change relative to 
XYZ frame. Since Q’ is constant Q' = 0. Here r4 = {—0.5i + 2j + 1.5k} m and 


its direction changes relative to XYZ frame but does not change relative to x'y'z 
frame. Thus, 


va = (Fader t Q’ X r4 = 0+ (—3k) x (—0.5i + 2j + 1.5k) = {6i + 1.5j} m/s 


ag = [Cays +t O'X ayz] + Ò X ra + O'X iy 


0 + (—3k) x (6i + 1.5j) = {4.5i — 18j} m/s? 


Motion of P with Respect to A. The xyz and x” y” z” frame are set coincident with 


nn io 


origin at A. Here x” y” z” frame is set to rotate at Q” = œ, = {—6i} rad/s of which 
its direction does not change relative to xyz frame. Also, Q” = {—4i} rad/s’. Here 
(rpja)xyz = {0.5j} m and its direction changes with respect to xyz frame but does 
not change relative to x" y” z” frame. 


(Veya)eyz = (eya)xyz = (Mpyaderyrer + Q X (reya)syz 
= 0 + (—6i) x (0.5j) = {-3k} m/s 
(ap/a)xyz= Cpa): = [(rpya)eryrer +0" (reya)aryre' a o x (tpya)xyz +0" (FP/A)xyz 
= [0 + 0] + (—4i) x (0.5j) + (—6i) x (—3k) 
= {—18j — 2k} m/s? 
Motion of P. Here, Q = w, = {-3k} rad/s and Ê = 0. 
vp = Va + Q X rpa + (Vp/a)xyz 


1.5j) + (—3k) x (0.5j) + (-3k) 


501 + 1.50j — 3.00k}m/s 


t È X rpa + Q X (DX rpa) + 20 X (Ypa): + (apa)oz 


= (4.5i — 18j) + 0 + (—3k) X (—3k X 0.5j) + 2(—3k) xX (—3k) + (—18j — 2k) 


= {4.50i — 40.5j — 2.00k} m/s3? Ans. 


Ans: 
vp = {7.50i + 1.50j 


ap = {4.50i — 40.5j 
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20-49. 


At the instant shown, the backhoe is traveling forward 

at a constant speed vo = 2 ft/s, and the boom ABC is | 

rotating about the z axis with an angular velocity $ w, = 0.8 rad/s 
œw = 0.8 rad/s and an angular acceleration @ = 3 rad/ Sad = 1.30 rad/s? 
@, = 1.30rad/s?. At this same instant the boom is 

rotating with w, = 3 rad/s when ò, = 2 rad/s’, both 

measured relative to the frame. Determine the velocity 

and acceleration of point P on the bucket at this instant. 


SOLUTION 
Q = {0.8k} rad/s 
© = {1.3k} rad/s? 
r4 = [2i — 4j} ft 
va = (ta)yz + Q X r4 
= (2i) + (0.8k) x (2i — 4j) 
= {5.20i + 1.60j} ft/s 
= [wy + Q X (ia)yz] +Ê Xray + OX iy 
= 0 + (0.8k) X (2i) + (1.3k) x (2i — 4j) + (0.8k) x (5.20i + 1.60j) 
= {3.92i + 8.36j} ft/s? 
Qpa = {3j} rad/s 
Qpa = {—2j} rad/s? 
rpa = {16i + 5k} ft 
(VpjA)yz = (tpja)aye + Qpa X Epa 
= 0 + (3j) x (16i + 5k) 
= {—15i + 48k} ft/s 


(apja)xyz = [ Geya)aye + Op, X (tp/A)xyz | + Dey, X rpa + Qpja X Eppa 


= 0 + 0 + (-2j) x (16i + 5k) + (—3j) xX (—15i + 48k) 
= {-154i — 13k} ft/s? 
= v4 + Q X rpa + (Vpja)xyz 
(5.2i + 1.6j) + (0.8k) x (16i + 5k) + (—15i + 48k) 
= {—9.80i + 14.4j + 48.0k} ft/s 


=a + 0x rpa + Q X (Q X rpa) +20 X (YpjA)xyz + (Aryadayz 


(3.92i + 8.36j) + (1.3k) x (16i + Sk) + (0.8k) x [(0.8k) x (16i + 5k)] 


+ 2(0.8k) X (—15i + 48k) + (—154i — 13j) 


= {—160i + 5.16j — 13k} ft/s? 


Ans: 
vp = {-9.80i + 14.4j + 48.0k} ft/s 
ap = {-160i + 5.16j — 13k} ft/s? 
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20-50. 


At the instant shown, the arm OA of the conveyor belt is 
rotating about the z axis with a constant angular velocity 
w@, = 6rad/s, while at the same instant the arm is rotating 
upward at a constant rate w = 4 rad/s. If the conveyor is 
running at a constant rate r = 5 ft/s, determine the velocity 
and acceleration of the package P at the instant shown. 
Neglect the size of the package. 


SOLUTION 
Q = œ = {6k} rad/s 


QO =0 


ro = Yo =a = 0 
Q pio = {4i} rad/s 
po =0 
rpo = [4.243j + 4.243k} ft 
(Vpio)xyz = Orio)xyz + Opo X tro 
= (5 cos 45°j + 5 sin 45°k) + (4i) X (4.243j + 4.243k) 
= {-13.44j + 20.51k} ft/s 
(apio) = (Ëpio)xyz + Qro X (pio) xyz + Êro X rpo + Opo X iro 
= 0 + (4i) X (3.536j + 3.536k) + 0 + (4i) xX (—13.44j + 20.51k) 
= {—96.18j — 39.60k} ft/s? 
= Vo + Q X rpo + (Tpio)xyz 


0 + (6k) X (4.243j + 4.243k) + (—13.44j + 20.51k) 


= {—25.5i — 13.4j + 20.5k} ft/s 


= ao + Ô X rpo + Q X (Q X rpo) + 20 X (YPio)xyz + (Api) xyz 


0 + 0 + (6k) X [(6k) X (4.243j + 4.243k)] + 2(6k) x (—13.44j + 20.51k) + (—96.18j — 39.60k) 


ap = {161i — 249j — 39.6k} ft/s? Ans. 


Ans: 
vp = {—25.5i— 13.4j + 20.5k} ft/s 
ap = {161i — 249j — 39.6k} ft/s? 
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20-51. 


At the instant shown, the arm OA of the conveyor belt is 
rotating about the z axis with a constant angular velocity 
w = 6rad/s, while at the same instant the arm is rotating 
upward at a constant rate w = 4 rad/s. If the conveyor is 
running at a rate 7 = 5 ft/s, which is increasing at 7 = 8 ft/s’, 
determine the velocity and acceleration of the package P at 
the instant shown. Neglect the size of the package. 


SOLUTION 
Q = œ = {6k} rad/s 


QO =0 


ro = Yo =a = 0 

O pio = {4i} rad/s 

po =0 

rpo = {4.243j + 4.243k} ft 

(Vpio)xyz = (tPio)xyz + Opo X rro 
= (5 cos 45°j + 5 sin 45°k) + (4i) X (4.243j + 4.243k) 
= {—13.44j + 20.51k} ft/s 

(apio)xyz = 8cos 45j + 8 sin 45°k — 96.18j — 39.60k 
= {—90.52j — 33.945k} ft/s 

= vo + Q X rpo + (Veo) xyz 


0 + (6k) X (4.243j + 4.243k) + (—13.44j + 20.51k) 


= {-25.5i — 13.4j + 20.5k} ft/s 


= ao + Q X rpo + Q X (Q X rpo) + 20 X (Wei) xyz + (APIO) xyz 


0 + 0 + (6k) X [(6k) X (4.243j + 4.243k)] + 2(6k) x (—13.44j + 20.51k) + (—90.52j — 33.945k) 
—152.75j + 161.231 — 90.52j — 33.945k 


= {161i — 243j — 33.9k} ft/s? 


Ans: 
vp = {—25.5i — 13.4j + 20.5k} ft/s 
ap = {161i — 243j — 33.9k} ft/s? 
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*20-52. 


The crane is rotating about the z axis with a constant rate 
w, = 0.25 rad/s, while the boom OA is rotating downward 
with a constant rate w, = 0.4 rad/s. Compute the velocity 
and acceleration of point A located at the top of the boom 
at the instant shown. 


SOLUTION 
Q = {0.25k} rad/s 


QO =0 

ro = 0 

Vo = 0 

ao = 0 

Qajo = {-0.4i} rad/s 

Qajo = 0 

Yajo = 4 cos 30°j + 40 sin 30°k 

= 34.64j + 20k 

(Va/o)xyz = (t4/0)xyz + Qajo X Layo 
= 0+ (—0.4i) x (34.64j + 20k) 
= 8j — 13.856k 


(as/o)xyz = [ Œ4/0)xyz + Qajo X (i4yo)aye| + Qajo X rayo + Qajo X ajo 


0 + (—4i) x (8j — 13.86k) 
= —5.542j — 3.2k 
= vo + Q X rajo + (Vaso)xyz 
0 + 0.25k X (34.64j + 20k) + (8j — 13.856k) 
{8.661 + 8j — 13.9k} ft/s 
=ao+t Ôx rayo + Q X (Q X rajo) + 2Q X (v4/0)xyz + (a4/0)xyz 
0 + 0 + (0.25k) X (0.25k) X (34.64j + 20k) 


+ 2(0.25k) X (8j — 13.856k) — 5.542j — 3.2k 
a, = {—4i — 7.71j — 3.20k} ft/s? 


Ans: 
v4 = {-8.66i + 8j — 13.9k} ft/s 
a, = {— 4i — 7.71j — 3.20k} ft/s? 
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20-53. 


Solve Prob. 20-52 if the angular motions are increasing 
at & = 0.4rad/s* and & = 0.8 rad/s” at the instant 
shown. 


SOLUTION 

Q = {0.25k} rad/s 

QO = {0.4k} rad/s? 

to = 0 

Vo = 0 

ao = 0 

Qajo = {—0.4i} rad/s 

Qajo = {-0.8i} rad/s? 

ajo = 4cos 30° + 40 sin 30°k 

= 34.64j + 20k 

(Vajo)xyz = (ajo)xyz + Qajo X tayo 
= 0 + (-0.4i) x (34.64j + 20k) 
= 8j — 13.856k 


(aajo)xyz = [ Œa /0)xyz + Qajo X (t4/0)xyz ] + Qajo X rayo + Qao X tao 


0 + 0 + (-O.8i) X (34.64j + 20k) + (—4i) x (8j — 13.86k) 


10.457j — 30.913k 
= Vo + Q X rio + (Vaso)xyz 
0 + 0.25k X (34.64j + 20k) + (8j — 13.856k) 
{8.661 + 8j — 13.9k} ft/s 
= ag + Ô X tajo + Q X (Q X rayo) + 20 X (Wajo)xyz + (a4/o)xyz 


0 + (0.4k) X (34.64j + 20k) 
+ (0.25k) X [(0.25k) X (34.64j + 20k)] + 2(0.25k) x (8j — 13.856k) + 10.457j — 30.913k 


a, = {-17.91 + 8.29} — 30.9k} ft/s? Ans. 


8j — 13.9k} ft/s 
8.29} — 30.9k} ft/s? 
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20-54. 


At the instant shown, the arm AB is rotating about the fixed 

bearing with an angular velocity œ = 2 rad/s and angular oo = 7 
acceleration œ; = 6 rad/ s. At the same instant, rod BD is @ = 1 a es 
rotating relative to rod AB at w, = 7 rad/s, which is = 9 
increasing at œ = 1 rad/s’. Also, the collar C is moving 

along rod BD with a velocity r = 2 ft/s and a deceleration 

r= —-0.5 ft/s’, both measured relative to the rod. 

Determine the velocity and acceleration of the collar at 

this instant. 


SOLUTION 

Q = {2k} rad/s 
{6k} rad/s? 
{-2i + 1.5k} ft 


Ip = (tB)xyz + Q xX Ip 


(2k) X (—2i + 1.5k) 
{-4j} ft/s 
fg = [(Fa)yz + Q X (iB)yz] + OX tg + OX ig 
(6k) X (—2i + 1.5k) + (2k) x (—4j) 
{8i — 12j} ft/s? 
= {7i} rad/s 
= {li} rad/s” 
c/a = 1 cos 30°) + 1 sin 30°k = {0.866j + 0.5k} ft 
(Voys)xyz = (tc/B)xyz + Qcg X Ecg 
= (2 cos 30°j + 2 sin 30°k) + (7i) X (0.866j + 0.5k) 
= {-1.768j + 7.062k} ft/s 


(acys)xyz = [ Œc/e)xyz + Qcjg X (ic/B)xyz | + Qos X rc; + Qcg X Ïcjg 


(—0.5 cos 30°j — 0.5 sin 30°k) + (7i) X (1.732j + 1k) + (li) x (0.866j + 0.5k) 
+ (Ti) X (—1.768j + 7.06k) 


= {-57.37j + 0.3640k} ft/s? 
= vg + Q X rog + (Ycjg)syz 
(—4j) + (2k) x (0.866j + 0.5k) + (—1.768j + 7.06k) 
>= £-1.73i — 5.77j + 7.06k} ft/s 


+= apt Qx rci + Q X (Q X rcg) + 20 X (Weys)xyz + (AcyB)xyz 


(8i — 12j) + (6k) x (0.866j + 0.5k) + (2k) x [(2k) x (0.866j + 0.5k) ] 
+ 2(2k) X (—1.768j + 7.062k) + (—57.37j + 0.364k) 


ac = {9.88i — 72.8j + 0.365k} ft/s? Ans. 


Ans: 
vc = {-1.73i — 5.77j + 7.06k} ft/s 
ac = {9.88i — 72.8j + 0.365k} ft/s? 
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21-1. 


Show that the sum of the moments of inertia of a body, 
Lx + I, + I,,, is independent of the orientation of the 
x, y, z axes and thus depends only on the location of its 
origin. 


SOLUTION 
Let Ly tb 1g = [oe + z*)\dm 4 fe + z*)dm 4 fe + y)dm 


m 


= af (x? + y + 2)dm 


However, x? + y? + z? = r°, where r is the distance from the origin O to dm. Since 
|r| is constant, it does not depend on the orientation of the x, y, z axis. Consequently, 
Ixx + Iyy + I, is also indepenent of the orientation of the x, y, z axis. Q.E.D. 
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21-2. 


Determine the moment of inertia of the cone with respect to 
a vertical y axis passing through the cone’s center of mass. 
What is the moment of inertia about a parallel axis y’ that 
passes through the diameter of the base of the cone? The 
cone has a mass m. 


SOLUTION 


2 


The mass of the differential element is dm = pdV = p(ay’) dx = ik x dx. 
h 


1 
dI, = goy + dmx? 


PT 


ve 
an! (4h? + a’) xt dx 


7 h 
pra r 2 | 4r. 
4h +a x'dx = 

4h’ ( ) 0 


However, 


Using the parallel axis theorem: 


LS 


3m 
4h? 
20 ( 


= Fp (2h? + 3a”) 
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21-3. 

Determine moment of inertia J, of the solid formed by 


revolving the shaded area around the x axis. The density of 
the material is p = 12 slug/ft*. 


SOLUTION 


The mass of the differential element is dm = pdV = play?) dx = pwxdx. 


dily t dmy’ + dmx? 


1 [prxdx](x) + (prxdx)x? 


1 
Pr xX + x3) dx 


4 
1 
I, = fa, pr | G x? + xX) dx = 69.33 mp 
f f 0 


= 69.33(7)(12) = 2614 slug ft? 


Ans: 
I, = 2614 slug: ft? 
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*21-4, 


Determine the moments of inertia 7, and Z, of the paraboloid 
of revolution. The mass of the paraboloid is 20 slug. 


SOLUTION 


The mass of the differential element is dm = pdV = paz?) dy = 2prydy. 


2 
m=20= fam= | 2pnyay 
m 0 


20 = 4pm p = Ž slug/ft? 


dI 


x 


2 
[at T i (5y? H 10y°) dy = 53.3 slug: ft? 
0 


dl, = 5 dmz? = 2pmy’ dy = 10y* dy 


2 
J dI, = f 10y? dy = 26.7 slug: ft? 
0 


Ans: 
I, = 53.3 slug: ft? 
I, = 26.7 slug: ft? 
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21-5. 
Determine by direct integration the product of inertia J,, for 


the homogeneous prism. The density of the material is p. 
Express the result in terms of the total mass m of the prism. 


SOLUTION 


The mass of the differential element is dm = pdV = phxdy = ph(a — y)dy. 


a pæh 
m= dm = ph (a = y)dy = —— 
m 0 


Using the parallel axis theorem: 


dI, = (dIyy)G T dmygzg 


= 0 + (phxdy) (») (4) 


ph? 


ae 


2 
ca y’) dy 


ph? a pèk? 1 parh 
Dyz = oa (ay y’) dy 


12 6\ 2 
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21-6. 

Determine by direct integration the product of inertia 7, for 


the homogeneous prism. The density of the material is p. 
Express the result in terms of the total mass m of the prism. 


SOLUTION 


The mass of the differential element is dm = pdV = phxdy = ph(a — y)dy. 


j pæh 
m= dm = ph (a = y)dy = —— 
m 0 


Using the parallel axis theorem: 


dlyy = (dl yy)g + dmxgyg 


0+ ohay(ž)o) 
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21-7. 


Determine the product of inertia J,,, of the object formed 
by revolving the shaded area about the line x = 5 ft. 
Express the result in terms of the density of the material, p. 


SOLUTION 


3 3 3 
| dm = p27 | (5 — x)y dx = p27 | (5 — x) V 3x dx = 38.4pr 
0 0 0 


3 3 
| y dm pan | a6 — x)y dx 
0 o 2 


3 
px | (5 — x)(3x) dx 
0 
= 40.5pr 


40.5 pa 
Thus, y = = 1.055 ft 
US: Y 38.400 29 


The solid is symmetric about y, thus 


Iy =O 


Tyy = ay + X¥ym 


= 0 + 5(1.055)(38.4p7r) 


Isy = 636p 
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*21-8. 


Determine the moment of inertia J, of the object formed by 
revolving the shaded area about the line x = 5 ft. Express 
the result in terms of the density of the material, p. 


SOLUTION 


1 2 1 ’ 2; 
5 dmr z” (2) 


iP 
-3 ems — x)*dy 
2 Jo 


3 2\ 4 
1 y 
= 5 ==> | d 
ef ( 4 r 
490.29 p 7 


= pm (2}(3) = 12 pa 


i 
y = 490.29 pm — > (12 p T)(2} = 466.29 pa 
Mass of body; 
3 
m= [ors — x)? dy - m 
0 


3 y 
= [ors —- =P dy- 12pr 
0 3 
= 38.4 p T 
466.29 p m + (38.4 p T)(5} 
1426.29 p + 
4.48(10°) p 


Also, 


= [ 6- wrens - y dx 


3 
=2pr f (5 — xP (3x)? dx 
0 
= 466.29 p 7 


3 
= [am 
0 


3 
= 20 | (5 — x)y dx 
0 


3 
= 20m f (5 — x)(3x)!? dx 


= 38.4 p T 


= 466.29 p m + 38.4 p 7(5)? = 4.48(10°)p 
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21-9. 


Determine the moment of inertia of the cone about the 
z’ axis. The weight of the cone is 15 lb, the height is 
h = 1.5 ft, and the radius is r = 0.5 ft. 


SOLUTION 


0.5 
= tan '(—~) = 18.43° 
0 an Gs) 


= HŠ m{4(0.5} + (LSP + m[L5 — Gr 


= 1.3875 m 


Using Eq. 21-5. 
Izy = Uy Ts ak oe Tyy + ur, Ly 


0 + [cos(108.43°)}°(1.3875m) + [cos(18.43°)]?(0.075m) 
= 0.2062m 


15 
Tz = 0.2062(355) = 0.0961 slug - ft? 


Ans: 
I. = 0.0961 slug: ft? 
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21-10. 


Determine the radii of gyration k, and k, for the solid 
formed by revolving the shaded area about the y axis. The 
density of the material is p. +— 0.25 ft 


SOLUTION 


d 
For k,: The mass of the differential element is dm = pdV = p(x’) dy = pr, 
i y 


i 2— 1p dyly — 1 dy 
dI, = ;dmx 27 y2](2) PT 4 


4 
However, m= f dm = pr [ 4% + pl m(4)?(0.25)| = 24.35p 


m 0.25 
I d 
Hence, k, = PA =al o = 2.35 ft 


For k,:0.25 ft < y = 4ft 


1 
dl’. game + dmy? 


aver |(52) + ( 


pm( ga + 1) dy 


4 
px | (qa + 1) dy = 28.53p 
0.25 ~ 


1 pm(4)7(0.25)](4)? + | pm(4)°(0.25) ](0.125)° 
50.469 


I, = I', + I’, = 28.53p + 50.469 = 78.99p 


T. [Bp 
H ae = 1.80 ft 
ence, KTN A 2435p 
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21-11. 

Determine the moment of inertia of the cylinder with 


respect to the a—a axis of the cylinder. The cylinder has a 
mass mm. 


SOLUTION 


The mass of the differential element is dm = pdV = p (za?) dy. 


dla = t dma + dm(y?) 
3[p(ma’) dyjæ + [p( aa’) dy]y? 


(pra + pray?) dy 


h 
= f (iora + pray?) dy 
0 


prah 
e 


h 
However, fam = i p( 7a") dy = pra’h 
m 0 
m 


12 


Bæ + 4h) 


Hence, (3a + 4h?) 
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*21-12. 


Determine the moment of inertia 7, of the composite plate 
assembly. The plates have a specific weight of 6 lb/ft’. 


SOLUTION 


Horizontial plate: 


1 6(1)() 
a 12! 32.2 


I \(1} = 0.0155 


Vertical plates: 


Ly = 0.707, ly = 0.707, 


1 6)(1V2) 
ae 3l 32.2 
6®0V2) 1 

32.2 IS 


Gy = 0.001372 


bse, 60V 1 
Gretel, 


= 
= 0.01235 

Using Eq. 21-5, 

I» = (0.707)°(0.001372) + (0.707)°(0.01235) 


= 0.00686 


Thus, 


Ix = 0.0155 + 2(0.00686) = 0.0292 slug ft? 
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Ans: 


L 


x. 


« = 0.0292 slug: ft? 
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21-13. 


Determine the product of inertia [,, of the composite 
plate assembly. The plates have a weight of 6 lb/ft’. 


SOLUTION 


Due to symmetry, 
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21-14. 


Determine the products of inertia Ixy, Ty, and 1,,, of the 


thin plate. The material has a density per unit area of 
50 kg/m’. 


SOLUTION 


The masses of segments O) and 2) shown in Fig. a are mı = 50(0.4)(0.4) = 8 kg 
and m = 50(0.4)(0.2) = 4kg. Due to symmetry [yy = ly, = Ivy =0 for 
segment(L)and Tyryr = Iye = Tyr = 0 for segment (2). 


Ty = Bley + MXGYG 
[0 + 8(0.2)(0.2)] + [0 + 4(0)(0.2)] 
0.32 kg-m? 
= Lyy + MYGZG 


x’ 


(Yo) =0-2m 


[0 + 8(0.2)(0)| + [0 + 4(0.2)(0.1)] 


= 0.08 kg: m? 
= lyy + mxgzG 
[0 + 8(0.2)(0)| + [0 + 4(0)(0.1)] 


=0 
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21-15. 


Determine the moment of inertia of both the 1.5-kg rod 
and 4-kg disk about the z’ axis. 


SOLUTION 


Due to symmetry Ixy = Ty, + Ix = 0 


== É (4)(0.1)? + 403) | + 5 (1.5)(03) 


= 0.415 kg- m? 
1 2 2 
z (4)(0.1)° = 0.02 kg» m 


= cos (18.43°) = 0.9487, u, = cos 90°= 0, 


cos (90° + 18.43°) = —0.3162 


24 2 = = 
Tuy + T,uz — 21yyuyuy — 2I yg Uy uz — 20, Uz Uy 


= 0.415(—0.3162)" + 0 + 0.02(0.9487) — 0- 0- 0 
= 0.0595 kg- m? 


Ans: 
Iy = 0.0595 kg +m? 
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*21-16. 


The bent rod has a mass of 3 kg/m. Determine the moment 
of inertia of the rod about the O-a axis. 


SOLUTION 


The bent rod is subdivided into three segments and the location of center of mass for 
each segment is indicated in Fig. a. The mass of each segments is m = 3(1) = 3 kg, 
m = 3(0.5) = 1.5 kg and m3 = 3(0.3) = 0.9 kg. 


i= Fro + 30.) | + [0+ 1.5(?)] + 509(08) + 0.9(0.157 + r)| 


= 3.427 kg- m? 
1 1 
Ly =O+ [5050.9 + 1.5(025?) | + 509(08) + 0.9(0.15? + 03°)| 
= 0.377 kg-m 
= Zo) + 305°) | + 5a.9(05) +15( + 025) | + [0+ 0.9(% + 0.57) | 


= 3.75 kg- m? 


0] 1.5(0.25)(—1)] + [0 + 0.9(0.5)(—1)] = —0.825 kg + m? 


0] 0] + [0 + 0.9(—1)(0.15)] = —0.135 kg- m? 


0] 0] + [0 + 0.9(0.15)(0.5)] = 0.0675 kg - m? 
The unit vector that defines the direction of the O, axis is 
0.5i — 1j + 0.3k 05. ier 0.3 
Uo, = = i jt k 
V0.5? + (-1% +032 V134 V134 V134 
0.5 1 — 03 


uy = is 


V1.34 d V1.34 © 4/134 


uy = 
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*21-16. Continued 


Zyy Uyuly — 21y, UU, — 21. Uzly 


wal 03m =) H a) 2( os) =) 


2( 0.135) els) 200.0675) 73 75) 


= 0.4813 kg-m’ = 0.481 kg- m? 


Ans: 
Io, = 0.481 kg: m? 
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21-17. 


The bent rod has a weight of 1.5 lb/ft. Locate the center of 
gravity G(x, y) and determine the principal moments of 
inertia Iv, Iy, and Iy of the rod with respect to the x’, y’, 
Zz’ axes. 


SOLUTION 


Due to symmetry 


__ Sxw _ DUSO + 2[(-0.5)(1.5)0)] 
=w 3[1.5(1)| 


Ty = | (35 )os? | + 5 Gale 


= 0.0272 slug: ft? 


i me l 


= 0.0155 slug: ft? 


1/15 . 
Ip= AHO | : Jos 0.1667) | 


= —0.667 ft 


1/15 1.5 
"JP ea (55033337 


= 0.0427 slug: ft? 


Ans: 

y = 0.5 ft 

x = —0.667 ft 

I. = 0.0272 slug - ft? 
I, = 0.0155 slug - ft 
I, = 0.0427 slug - ft? 
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21-18. 


Determine the moment of inertia of the rod-and-disk 
assembly about the x axis. The disks each have a weight of 
12 lb. The two rods each have a weight of 4 lb, and their 
ends extend to the rims of the disks. 


SOLUTION 


For a rod: 


1 
6 = tan! (+) = 45° 


uy = cos 90° = 0, uy = cos 45° = 0.7071, uy = cos (90° + 45°) = —0.7071 


= _{1 4 2 j 2 2 
ly = Iy Glo + (2)?] = 0.08282 slug: ft 


x'y' = 


I, = 0 + 0 + (0.08282)(—0.7071)? = 0.04141 slug - ft? 


For a disk: 


iY ae ae r 
I= @eae = 0.1863 slug: ft 


I, = 2(0.04141) + 2(0.1863) = 0.455 slug: ft? 


Ans: 
I, = 0.455 slug: ft? 
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21-19. 


Determine the moment of inertia of the composite body 
about the aa axis. The cylinder weighs 20 lb, and each 
hemisphere weighs 10 Ib. 


SOLUTION 


= 0.707 


0.707 


_ 1,20 


2,10 
26220 


5522 


Y + 2f yy] 


0.5590 slug - ft? 


1,20 


= Iy = SEBAS + 2P] + 20.2590) + 


Tyy = 1.6975 slug: ft” 
0 + (0.707)7(1.6975) + (0.707)?(0.559) 


1.13 slug - ft? 


1128 


Ans: 


L 


a 


a = 1.13 slug: ft? 
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*21-20. 


Determine the moment of inertia of the disk about the axis 
of shaft AB. The disk has a mass of 15 kg. 


SOLUTION 


Due to symmetry 


1 
ae 7050157 = 0.084375 kg - m? 
1 
= 3(15)(0.15)° = 0.16875 kg +m? 
u, = cos 90° = 0, uy = cos 30° = 0.8660 


u, = cos (30° + 90°) = —0.5 


= am 24 2 = = 
Tuy + Tuy + Iru; — 2i yy uyuy — 21), uy uz, — 20,, Uz Uy 


= 0 + 0.16875(0.8660)* + 0.084375(—0.5)" — 0 - 0 — 0 


= 0.148 kg-m? 


Ans: 
I, = 0.148 kg: m? 
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21-21. 
The thin plate has a weight of 5 Ib and each of the four rods 


weighs 3 lb. Determine the moment of inertia of the assembly 
about the z axis. 


SOLUTION 


For the rod: 


2 
4 : )( vos + 057) = 0.003882 slug - ft? 


z 42\322 


For the composite assembly of rods and disks: 


EEE 


32.2 2 12 


I,= 4.00882 H 


= 0.0880 slug - ft? 


1130 


x 


[osrtes” 


AAS*THS~ 


Ans: 
I, = 0.0880 slug - ft? 
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21-22. 


If a body contains no planes of symmetry, the principal 
moments of inertia can be determined mathematically. To 
show how this is done, consider the rigid body which is 
spinning with an angular velocity w, directed along one of its 
principal axes of inertia. If the principal moment of inertia 
about this axis is /, the angular momentum can be expressed 
as H = Jw = Iw,i + Iw,j + Iw,k. The components of H 
may also be expressed by Eqs. 21-10, where the inertia tensor 
is assumed to be known. Equate the i, j, and k components of 
both expressions for H and consider w,, w,, and w, to be 
unknown. The solution of these three equations is obtained 
provided the determinant of the coefficients is zero. Show 
that this determinant, when expanded, yields the cubic 
equation 


Pai ia 


gg (Laly H Dyyl zz H Tals Io Iz ÉJ 
E (I lada 2loy, ~ Tle 


xxtyy*zz yer zx 


Dipl oe Lt) = 0 


The three positive roots of J, obtained from the solution of 
this equation, represent the principal moments of inertia 
[,, I,, and Iz 


y? 


SOLUTION 


I 


w, = 0 


XZ 


I), @, = 0 


Tz, @; 


Z 


Solution for wy, wy, and w, requires 


Expanding 


B= (Lax + Ly + Leg) + (Lex Ty + Lyylae + Lez Tix — Py — Beg M 


xx * yy xy 


= (Lex Ty Tee — Dey Lye Tex — Lyx Bz — Lys — Tez Py) = 0 OED. 


yy 


Ans: 
I (Lex Ly H LP H (Lx Ly T Ly Izz 
H Iz Le I I: ay 


~ (Lx Ly dzz = 2hy Ly Ly = lx Iy 


z 


Ly 2, — L, Ê) = 0 Q.E.D. 


yy xy 
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21-23. 


Show that if the angular momentum of a body is 
determined with respect to an arbitrary point A, then H4 
can be expressed by Eq. 21-9. This requires substituting 
Pa = PG Pca into Eq. 21-6 and expanding, noting 
that | Pc dm = 0 by definition of the mass center and 
vg = Va + wX Paja 


SOLUTION 
Ha = ( f oadm) x va + f pax Wx pajam x 


= (/ (pG + paja) am) X va + fis + paja) X [w X pg + poja) |dm 


= ( f podm) x va + (baja x va fim f pox (ox pojam 


+ (/ podm) X (w X paja) + Paja X (o x foo dm) + paja X (w X pa) f dm 


Since foo dm = 0 and from Eq. 21-8 Hg = foo x (w X pg)dm 


Hy = (poja X Va)m + Hg + paja X (@ X paja)m 
= paja X (Va + (w X paja))m + He 


= (poja X myg) + Hg 


Ans: 
Hy = (PGja X myg) + Hg 
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*21-24. 


The 15-kg circular disk spins about its axle with a constant 
angular velocity of œw = 10 rad/s. Simultaneously, the yoke 
is rotating with a constant angular velocity of w = 5 rad/s. 
Determine the angular momentum of the disk about its 
center of mass O, and its kinetic energy. 


œ = 10 rad/s 
SOLUTION 


The mass moments of inertia of the disk about the x, y, and z axes are 


1 1 
L= 1, qm a (15)(0.15") = 0.084375 kg- m° 


œ = 5 rad/s <| 
1 1 
ly z" z (15)(0.152) = 0.16875 kg+ m? => 
Due to symmetry, 
de = m = Tez =0 


Here, the angular velocity of the disk can be determined from the vector addition of 
w and wz. Thus, 


w = w, + @ = [-10j + 5k] rad/s 


wo, = 0 wy = —10 rad/s w, = 5rad/s 
Since the disk rotates about a fixed point O, we can apply 


H, = Lw, = 0.084375(0) = 0 


y = Lœ, = 0.16875(—10) = —1.6875 kg m?/s 


= Iw, = 0.084375(5) = 0.421875 kg m2/s 


Ho = [-1.69j + 0.422k] kg-m?/s 
The kinetic energy of the disk can be determined from 


1 
T= > Lo? 
1 ae | yi . 
=5(0.084375)(0°) + 5(0.16875)(—10)° + 5 (0.084375)(5°) 
=9.49J 


Ans: 
Ho = [-1.69j + 0.422k] kg- m?/s 
T = 9.49 J 
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21-25. 


The large gear has a mass of 5 kg and a radius of gyration 
of kz = 75 mm. Gears B and C each have a mass of 
200 g and a radius of gyration about the axis of their 
connecting shaft of 15 mm. If the gears are in mesh and C 
has an angular velocity of øc = {15j} rad/s, determine the 
total angular momentum for the system of three gears about 
point A. 


SOLUTION 
14 = 5(0.075)? = 28.125(10-3) kg + m? 
Ig = Ic = 0.2(0.015)? = 45(1076) kg- m? 
Kinematics: 
wc = Wg = 15 rad/s 


v = (0.04)(15) = 0.6 m/s 


Hx = Ip øg = (45(10~%))(15) = 675(10°°) 
Hg = —675(10°°) sin 45°i — 675(10~°) cos 45°j 
Hy = —477.3(10~°)i — 477.3(10°°)j 

Hc = Ic wc = (45(10°%) (15) = 675(10°°) 
Hc = 675(10~°)j 

H4 = I4 w4 = 28.125(10-7)(6) = 0.16875 

H; = 0.16875k 


The total angular momentum is therefore, 


H = Hy + Hc + Hy = {—477(10°°)i + 198(10~°)j + 0.169k} kg- m?/s 


1134 


Ans: 
H = {—477(10)i + 198(10°)j + 0.169k} kg + m?/s 


% Wc = {15j} rad/s 


y 
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21-26. 


The circular disk has a weight of 15 lb and is mounted on K 

the shaft AB at an angle of 45° with the horizontal. 45° 

Determine the angular velocity of the shaft when ¢ = 3 s if w, = 8 rad/s 
a constant torque M = 2 lb-ft is applied to the shaft. The - B 
shaft is originally spinning at œ = 8 rad/s when the torque 

is applied. 


SOLUTION 


Due to symmetry 


Iz= 1x=0 


= 1(45,) (0.8)? = 0.07453 slug- fê 
35) (0.8) = 0.1491 slug: ft? 
For x' axis 
¿ = cos 45° = 0.7071 u, = cos 45° = 0.7071 


= cos 90° 


z= Iu 4 7 t Iu? 2IxyUxUy — 2IyzUy Uz — 21. Uz Ux 
= 0.1491(0.7071)? + 0.07453(0.7071} +0- 0- 0-0 


= 0.1118 slug: ft? 


Principle of impulse and momentum: 


(Hx) T s fms dt = (Hy) 


0.1118(8) + 2(3) = 0.1118 w, 


w = 61.7 rad/s 


Ans: 
w = 61.7 rad/s 
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21-27. 


The circular disk has a weight of 15 lb and is mounted on 
the shaft AB at an angle of 45° with the horizontal. 
Determine the angular velocity of the shaft when ¢ = 2s if 
a torque M = (4e""") Ib- ft, where ris in seconds, is applied 
to the shaft. The shaft is originally spinning at œw = 8 rad/s 
when the torque is applied. 


SOLUTION 


Due to symmetry 


1,=1,=4 (es) (0.8)? = 0.07453 slug: ft? 


4 
355) (0.8)? = 0.1491 slug: ft? 


For x' axis 


u, = cos 45° = 0.7071 Uy = COS 45° = 0.7071 


x 


u, = cos 90° = 0 


Iz = Iu 4 iu, t Tu. QT yyUxUy — 2IyzUuy Uz — 21, Uz Uy 
= 0.1491(0.7071)? + 0.07453(0.7071} +0-0-0-0 


= 0.1118 slug: ft? 


Principle of impulse and momentum: 
(Hy), + È [Me dt = (Hy) 


2 
oas + f 4e°1" dt = 0.1118% 
0 


w = 87.2 rad/s 


Ans: 
w = 87.2 rad/s 
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*21-28. 


The rod assembly is supported at G by a ball-and-socket 
joint. Each segment has a mass of 0.5 kg/m. If the assembly 
is originally at rest and an impulse of I = {—8k} N-s is 
applied at D, determine the angular velocity of the 
assembly just after the impact. 


SOLUTION 


Moments and products of inertia: 


= TOG + 2[0.5(0.5)](1)? = 0.8333 kg +m? 
1 ; , 
= p105] = 0.04166 kg * m 


= 1200.5)] 2" + 2| Flosesyj(os) + [0.5(0.5)|(1? + 0.25| 


0.875 kg: m? 
[0.5(0.5) |(—0.25)(1) + [0.5(0.5) ](0.25)(—1) = —0.125 kg - m? 
Lom I= 
From Eq. 21-10 
H, = 0.83330, + 0.1250, 
H, = 0.1250, + 0.04166, 


H, = 0.875%; 


tz 
(Hg): + zf Mgdt = (Hc) 
ti 


0 + (—0.5i + 1j) xX (—8k) = (0.8333w, + 0.125w,)i + (0.1250, + 0.04166w,)j + 0.875%,k 
Equating i, j and k components 

=8 = 0.83330, + 0.125%; 

—4 = 0.125w, + 0.04166%, 

0 = 0.875%; 

Solving Eqs. (1) to (3) yields: 

wy = 8.73 rad/s w,—122 rad/s w,=0 


Then w = {8.73i — 122j} rad/s 


Ans: 
w = {8.73i — 122j} rad/s 
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21-29. 


The 4-lb rod AB is attached to the 1-lb collar at A and a 2-lb 
link BC using ball-and-socket joints. If the rod is released 
from rest in the position shown, determine the angular 
velocity of the link after it has rotated 180°. 


SOLUTION 
Tı F Vi = Tz F Va 


0 + 4(0.25) + 2(0.25) = T, — 4(0.25) — 2(0.25) 


= 0.38460, 


= —[-(—>)(0.5)"]w2 + 1 4 (4 y1.3)10.38460,) + 


1,4 
[ 5 (5 5) 0250) 
2'3°32.2 2°12`32.2 7322 


0.007764%2 = 


19.7 rad/s 


0.5 Wx 
lyg: 0.25Wx 


Ans: 
w, = 19.7 rad/s 
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21-30. 


The rod weighs 3 lb/ft and is suspended from parallel cords 
at A and B. If the rod has an angular velocity of 2 rad/s 
about the z axis at the instant shown, determine how high 
the center of the rod rises at the instant the rod 
momentarily stops swinging. 


SOLUTION 
Ti+ V =T +V, 


iw 
2112 g 


Pu? Wh 


— 1 Po? 1 (6P? 
24 g 24 (32.2) 


h = 0.1863 ft = 2.24 in. 
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Ans: 
h = 2.24 in. 
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21-31. 

The 4-lb rod AB is attached to the rod BC and collar A 

using ball-and-socket joints. If BC has a constant angular 

velocity of 2 rad/s, determine the kinetic energy of AB when 


it is in the position shown. Assume the angular velocity of 
AB is directed perpendicular to the axis of AB. 


SOLUTION 
va = val Vet {-2j} ft/s wag = wi + wj + œk 
rga = (3i + 1j + 1k} ft rog = {1.5i — 0.5j — 0.5k} 


Vg = Vat Wap X TBA 
—2j = vyi + 


Equating i,j and k components 
w, — @, + va=0 


ü, + 3w, = 2 


wo, + 3w, =0 
Since w 4 is perpendicular to the axis of the rod, 


WAB rga = (wi + wj + œk) (—3i + 1j + 1k) = 0 


3w, + lo, + lo, = 0 
Solving Eqs. (1) to (4) yields: 


w, = 0.1818 rad/s w, = —0.06061 rad/s w, = 0.6061 rad/s 


va = 0.6667 ft/s 


Hence wyg = {0.18181 — 0.06061j + 0.6061k} rad/s v4 = {0.6667i} ft/s 


VG = Vg t+ wap X Yop 
i j k 
—2j + [0.1818 —0.06061 0.6061 
1.5 —0.5 —0.5 
= {0.3333i — 1.0j} ft/s 
wag = 0.1818? + (—0.06061)? + 0.60617 = 0.4040 


ve = (0.3333)? + (—1.0} = 1.111 


1 

T= 3 XG + 770 was 
1/4 1f1/ 4 

-3(S)aan | ( \ 74174 P) |(0.4040 
2 \322 2 [12 \ 329 


= 0.0920 ft - lb 


Ans: 
T = 0.0920 ft-lb 


1140 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*21-32. 


The 2-kg thin disk is connected to the slender rod which is 
fixed to the ball-and-socket joint at A. If it is released from 
rest in the position shown, determine the spin of the disk 
about the rod when the disk reaches its lowest position. 
Neglect the mass of the rod. The disk rolls without slipping. 


SOLUTION 


I 


z 


= O01 + 2(0.5)7 = 0.505 kg- m? 


O01 = 0.01 kg- m? 


z 


w = wy + @, = —@,j + œz sin 11.3195 + œ, cos 11.31°k 
= (0.19612%, — w,)j + (0.980580, )k 
Since v4 = Vc = 0, then 
Vo = Vat @ X Ie, 
0 = 0 + [(0.19612w, — w,)j + (0.98058%; )k] x (0.5j — 0.1k) 
—0.0196120, + 0.1w, — 0.49029%; + 


wo, = 0.196120, 


Thus, 
w = —0.961540,j + 0.19231w,k 
hı = 0.5 sin 41.31° = 0.3301 m, hy = 0.5 sin 18.69° = 0.1602 m 


T, + V,=7T,+ V2 


1 1 
0 + 2(9.81)(0.3301) = |0 + 5(0.01)(—0.96154e,)” + 30.505)(0.192310,) | — 2(9.81)(0.1602 


wy = 26.2 rad/s Ans. 
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Ans: 
w, = 26.2 rad/s 
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21-33. 


The 20-kg sphere rotates about the axle with a constant 
angular velocity of w, = 60 rad/s. If shaft AB is subjected to 
a torque of M = 50 N-m, causing it to rotate, determine the 
value of w, after the shaft has turned 90° from the position 
shown. Initially, w, = 0. Neglect the mass of arm CDE. 


SOLUTION 


The mass moments of inertia of the sphere about the x’, y’, and z’ axes are 


2 
5 


2 
Ip = Iy mr? : (20)(0.17) = 0.08 kg: m? 


When the sphere is at position (1) Fig. a, w p = 0. Thus, the velocity of its mass center is 


zero and its angular velocity is w, = [60k] rad/s. Thus, its kinetic energy at this 
position is 
1 1 1 1 
Ta zre) T ze? + z Ty(@)y" T 5 Ilo) 
1 uke Gorad|s 
=0 + 0 + 0 + = (0.08) (60°) k 
2 OX 
=144J 
When the sphere is at position 2), Fig. a, wp = wi. Then the velocity of its mass 
center is (Yg) = wp X Vojc = (pi) X (—0.3j + 0.4k) = —0.4w,j — 0.3@,k. Then 
(vo) = (-0.4,)° + (0.3%) = 0.25w,7. Also, its angular velocity at this 


p 
position is wœ = w,i — 60j. Thus, its kinetic energy at this position is 


1 1 1 1 
T= zmo)? + ACON + 2 Ty(w2)y" + 2 Ilw)? 


_ ii 2 1 2 1 2 
a (20)(0.25w,”) + z (0.08)( wp )+ z (0.08)(—60) 
= 2.540,” + 144 


When the sphere moves from position (1) to position (2), its center of gravity raises 
vertically Az = 0.1 m. Thus, its weight W does negative work. 


Uy = —WAz = —20(9.81)(0.1) = —19.62 J 


Here, the couple moment M does positive work. 


Uw = M9 = 50 (z) = 257] 


Applying the principle of work and energy, 


Ti + XU _2 = T 
144 + 25m + (—19.62) = 2.54w,” + 144 


wp = 4.82 rad/s 


Ans: 
wp = 4.82 rad/s 
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21-34. 


The 200-kg satellite has its center of mass at point G. Its radii 
of gyration about the z’, x’, y’ axes are ky = 300mm, 
ky = ky = 500 mm, respectively. At the instant shown, the 
satellite rotates about the x’, y’, and z’ axes with the angular 
velocity shown, and its center of mass G has a velocity of 
vg = {—250i + 200j + 120k} m/s. Determine the 
angular momentum of the satellite about point A at 
this instant. 


SOLUTION œ, = 600 rad/s á 


Z 
@y’ = 300 rad/s 


: : z 800 mm 7 i 
The mass moments of inertia of the satellite about the x’, y’, and z’ axes are ~ Sy 


» = Ty = 200(0.5") = 50kg-m? 


I, = 200(0.3?) = 18 kg +m? 


Due to symmetry, the products of inertia of the satellite with respect to the x’, y’, 
and z’ coordinate system are equal to zero. 


The angular velocity of the satellite is 


w = [600i + 300j + 1250k] rad/s 


wy = 600 rad/s wy = —300 rad/s wy = 1250 rad/s 


Then, the components of the angular momentum of the satellite about its mass 
center G are 


(Ho) = yoy = 50(600) = 30 000 kg : m?/s 


(Hg)y = Iywy = 50(—300) = —15 000 kg: m?/s 


(Ho) = Ipwy = 18(1250) = 22 500 kg: m/s 


Hg = [30 000i — 15 000j + 22 500k] kg: m?/s 
The angular momentum of the satellite about point A can be determined from 


H, = IG/A x NVG + Ho 


(0.8k) x 200(—250i + 200j + 120k) + (30 000i — 15 000j + 22 500k) 


= [—2000i — 55 000j + 22 500k] kg * m2/s Ans. 
[ j g 


Ans: 
Hy = {—2000i — 55000j + 22 500k} kg * m?/s 
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21-35. 


The 200-kg satellite has its center of mass at point G. Its radii 
of gyration about the z’, x’, y’ axes are k, = 300mm, 
ky = ky = 500 mm, respectively. At the instant shown, the 
satellite rotates about the x’, y’, and z’ axes with the angular 
velocity shown, and its center of mass G has a velocity of 
Vg = {—250i + 200j + 120k} m/s. Determine the kinetic 
energy of the satellite at this instant. 


SOLUTION 
wy = A 
The mass moments of inertia of the satellite about the x’, y’, and z’ axes are : @y' = 300 rad/s 
\ Sy’ 
Ty = Ty = 200(0.52) = 50kg-m? 
I» = 200(0.3?) = 18 kg- m? 


Due to symmetry, the products of inertia of the satellite with respect to the x’, y’, 
and z, coordinate system are equal to zero. 


Lig = Ly = Ipv = 0 


The angular velocity of the satellite is 


w = [600i — 300j + 1250k] rad/s 


wx = 600 rad/s wy = —300 rad/s w, = 1250 rad/s 


Since vg? = (—250)? + 200? + 120? = 116 900 m?/s?, the kinetic energy of the 
satellite can be determined from 


T yad 1 
T 7 "VG T 2 xO, al yay 


24 


5 (200)(116 900) + 5 (50)( 600?) 5 (50)¢ 300)? 4 5(18)( 1250?) 


37.0025(10°)J = 37.0 MJ Ans. 


Ans: 
T = 37.0 MJ 
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*21-36. 


The 15-kg rectangular plate is free to rotate about the y axis 
because of the bearing supports at A and B.When the plate is 
balanced in the vertical plane, a 3-g bullet is fired into it, 
perpendicular to its surface, with a velocity v = {—2000i} m/s. 
Compute the angular velocity of the plate at the instant it has 
rotated 180°. If the bullet strikes corner D with the same 
velocity v, instead of at C, does the angular velocity remain the 
same? Why or why not? 


SOLUTION 


Consider the projectile and plate as an entire system. 
Angular momentum is conserved about the AB axis. 
(Hg); = —(0.003)(2000)(0.15)j = {—0.9j} 


(Hyz) = (Has) 


0.9j = Lwi + Iwj 


Equating components, 


=03 = —8 rad/s 


1 
a905} + 150.075) | 


+V =T, +V, 


l 
2 


Zas0157 + 150.075) (8) + 15(9.81)(0.15) 


1 


= 5050.15} + 150.075) ohn 


wag = 21.4 rad/s Ans. 


If the projectile strikes the plate at D, the angular velocity is the same, only the 
impulsive reactions at the bearing supports A and B will be different. 


Ans: 
wag = 21.4 rad/s 
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21-37. 


The 5-kg thin plate is suspended at O using a ball-and- 
socket joint. It is rotating with a constant angular velocity 
w = {2k} rad/s when the corner A strikes the hook at S, 
which provides a permanent connection. Determine the 
angular velocity of the plate immediately after impact. 


SOLUTION 


Angular momentum is conserved about the OA axis. 


(Ho): = Lok 


= £0006) ok = 0.30k 


Uo, = { 0.6j = 0.8k } 


(Hoa): = (Ho): ' uoa 
= (0.30)(—0.8) = —0.24 


w = 0.6aj — 0.80k 
(Ho) = Loj + Lok 


= OOo + 5 6)06o.k 


0.2667a,j + 0.150%,k 
From Eq. (1), 
= 0.60 
= —0.80 
(Ho) = 0.16aj — 0.120wk 
(Hoa) = (Ho): — Yoa 
= 0.160(0.6) + (0.12)(0.8) = 0.1920 
Thus, 
(Hoa) = (Hoa)2 
—0.24 = 0.1920 
—1.25 rad/s 
—1.25uo4 
{—0.750j + 1.00k } rad/s 


Ans: 
@ = {—0.750j + 1.00k} rad/s 
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21-38. 


Determine the kinetic energy of the 7-kg disk and 1.5-kg rod 
when the assembly is rotating about the z axis at 
w = 5rad/s. 


SOLUTION 


Due to symmetry 


Ly = Lz = Ty = 0 


1001} + 7(0.2)? | + $(1.5)0.2} 


0.3175 kg - m? 
1 2 2 
z (0.1 = 0.035 kg- m 


For z axis 
uz = cos 26.56° = 0.8944 uy = cos 116.57° = —0.4472 


u, = cos 90° = 0 


L= Lue 4 Lu? t Lu? QTpyllxUy — 2yUyu, — 2lzxuzüy 
= 0 + 0.3175(—0.4472)* + 0.035(0.8944)? - 0-0-0 
= 0.0915 kg- m? 


1 
0+0+ z (0.0915)(5)° 


1.14J 
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21-39. 


Determine the angular momentum H, of the 7-kg disk and 
1.5-kg rod when the assembly is rotating about the z axis at 
w = 5rad/s. 


SOLUTION 


Due to symmetry 


T001} + 7(0.2)} | + $0502? 


0.3175 kg+ m? 
1 
I = z DO = 0.035 kg m? 


For z’ axis 


= cos 26.56° = 0.8944 uy = cos 116.57° = —0.4472 


z 


cos 90° = 0 


= 24 va 2 = 
, Tux + Tuy + Luz — 2hyuyuy — 21,u 


yuz — 20 Uz Uy 


= 0 + 0.3175(—0.4472)? + 0.035(0.8944)? - 0 - 0 - 0 
= 0.0915 kg- m? 


= w = 0 


Lx wx Ty wy + [,, 0; 
—0 — 0 + 0.0915(5) 
= 0.4575 kg- m’/s 


Ans: 
H, = 0.4575 kg: m/s 
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*21-40. 
Derive the scalar form of the rotational equation of motion 


about the x axis if Q # w and the moments and products of 
inertia of the body are not constant with respect to time. 


SOLUTION 


In general 


d : i 
M = ap i + Hyj + H,k) 


= (H,i+ H,j+ H,k),,,+ 0X (H,i+ Hj + Hk) 


Substitute Q = Qi + O,j + O,k and expanding the cross product yields 


(Cae —O,H,+ 0H.) $ (e - Q, H, + oH, )i 


+ (o - Q, Hr + O, H, )k 


Subsitute H,, H, and H, using Eq. 21-10. For the i component, 


I,,@,) Q; Uy, wy — Ly, 0, = Ty x@,) 


yz 


+ QO, (L o= Iz, @, — Ta wy) Ans. 


One can obtain y and z components in a similar manner. 


Ans: 


d 
ÈM, E dt (k Oy Lo Wy Iz wz) 
-0 (4 @y = Le z = I, @x) 
+ OQ, (L oO, — Tx Oy T Ty @y) 
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21-41. 


Derive the scalar form of the rotational equation of 
motion about the x axis if Q # w and the moments and 
products of inertia of the body are constant with respect 
to time. 


SOLUTION 


In general 


d 
M = — (Hi + H,j + H.k) 


= (A,i+ Hj + Hk), + Q X (Hyi t+ Hj + Hk) 


Substitute Q = O,i + O,j + O,k and expanding the cross product yields 


(Jur - Q, H, + 0H.) + (ha - Q, H, + oH, )i 


+ (a - O,H, +O, H, )k 


Substitute H,, H, and H, using Eq. 21-10. For the i component 


Cd, Wy I,yo Ins w) — Q; Uy wy = I z®z T Iyoy) 


xy y y. 


+ O, (1, @, = Ty, @, = Tz wy) 


Zx 


For constant inertia, expanding the time derivative of the above equation yields 


=M, = Uy @y — Ty @y = Lgo) — 1, (Ly ay — Ty, 0, — Tyy @x) 


xy y yz z 


+ Q, (Iz w: — Izxor — Izy @y) Ans. 


One can obtain y and z components in a similar manner. 
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Ans: 
ÈM, = (Lo, = wy = I,,@;) 


xy 
— Oho, = 1,0; E Ixos) 
+0,(,0, — Lyw — Lyw) 


zy 


Similarly for }M, and $ M,. 
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21-42. 


Derive the Euler equations of motion for Q # a, i.e., 
Eqs. 21-26. 


SOLUTION 


In general 


d . i 
M = q i t H j + H,k) 


= (H,i+ Hj + H,k),,, + O x (H,i+ Hj + H,k) 


Substitute Q = Qi + O,j + O,k and expanding the cross product yields 


(Cae - QH, + oH.) $ (Cae - Q, H, + oH, )i 


+ (o7 - Q, H, + Qy H, )k 


zZ 


Substitute H,, H, and H, using Eq. 21-10. For the i component 


xy y= Laz w,) — Q; Uy, wy = Ly, 0, = Tx) 


+ Q, M: o, — T,. 0. — Ley wy) 


Set Ixy = Iy: = Ix = 0 and require Z, Z, Z, to be constant. This yields 


IM, = Irw, — 1, 0,0, + I, Oya, 


One can obtain y and z components in a similar manner. 


Ans: 
XM, = L ù,- 1,0, 0, + L Oyo, 
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21-43. 


The 4-lb bar rests along the smooth corners of 
an open box. At the instant shown, the box has a 
velocity v = {3j} ft/s and an acceleration a = {—6j} ft/s”. 
Determine the x, y, z components of force which the corners 
exert on the bar. 


SOLUTION 


=F, = m(adg)x 3 Ay T B, 


= m(ag)y 5 A 


ZF, = mae): + 


Applying Eq. 21-25 with w, = w, = o; 


=(Mg)x = Lor — Uy — Toyo;z; B,(1) — A,(1) + 4(0.5) = 0 


=(Mg)y = Iyoy = Uz = Ty)oz@,; Ax) — By) + 41) = 0 
Solving Eqs. [1] to [4] yields: 

A, = -2.00lb A, = 0.627Ib By =2.00lb By = -1.37 lb 
= (Mg); = L0: — Ux — Ty) @x@y; 


(—2.00)(0.5) — (2.00)(0.5) — (—1.37)(1) + (0.627)(1) = 0 
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*21-44, 


The uniform rectangular plate has a mass of m = 2 kg and 
is given a rotation of w = 4 rad/s about its bearings at A 
and B. If a = 0.2m and c = 0.3 m, determine the vertical 
reactions at the instant shown. Use the x, y, z axes shown 


2 2 

mac cC — a 
dnote that /,, À 
and note a za ( 2 \(S i =) 


SOLUTION 


o, = 0, w, = 0, 


©, = 0, @y = 0, 


S 


Grs]? 


Ax 
[ 


Substitute the data, 
Joe 2(0.2)(0.3) | (0.3)? — (0.2) 
j 6 [(0.3)? + (0.27) 
A, + B, = 2(9.81) 


4) = 0.34135 


Solving: 
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21-45. 


If the shaft AB is rotating with a constant angular velocity 
of w = 30rad/s, determine the X, Y, Z components of 
reaction at the thrust bearing A and journal bearing B at 
the instant shown. The disk has a weight of 15 lb. Neglect 
the weight of the shaft AB. 


SOLUTION 


The rotating xyz frame is set with its origin at the plate’s mass center, Fig. a. This 
frame will be fixed to the disk so that its angular velocity is Q = w and the x, y, and 
z axes will always be the principle axes of inertia of the disk. Referring to Fig. b, 


w = [30 cos 30°j—30 sin 30°k] rad/s = [25.98j—15k] rad/s 


Thus, 
=0 wy = 25.98 rad/s w, = —15 rad/s 


x 
Since w is always directed towards the + Y axis and has a constant magnitude, 
æ = 0.Also, since Q = a, (xyz) = w = 0. Thus, 


w, = wy = 0, = 0 


The mass moments of intertia of the disk about the x, y, z axes are 


1/15 ZON j 
Nes) 0.02911 slug - ft 


1/ 15 


= 2\ _ £42 
1, Nes) 0.05823 slug « ft 


Applying the equations of motion, 
=M, =o- (I,- I)o,oz; Bz(1)—Az(1.5)=0 — (0.05823 — 0.02911)(25.98)(—15) 
Bz — 15Az = 11.35 (1) 
= La, — (L — L)o:wx; By(1sin30°) — Ay(1.5 sin 30°) = 0 — 0 
By —15Ay = 0 
z = Lo, - (L — L)ow,; By(1 cos 30°) — A x(1.5 cos 30°) = 0 — 0 
By — 15Ay = 0 
2 Fy = m(ac)x; Ay + By=0 
2 Fy = m(ag)y; Ay = 0 
Fz = m(ag)z; Az + Bz-15=0 


Solving Eqs. (1) through (4), 
Az = 1.461 lb Bz = 13.54 lb = 13.5 Ib 
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Ans: 
Az = 1.46 lb 


By = 13.5 1b 
Ay = Ay = By = 0 
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21-46. 


The assembly is supported by journal bearings at A and B, 
which develop only y and z force reactions on the shaft. If 
the shaft is rotating in the direction shown at 
@ = {2i} rad/s, determine the reactions at the bearings 
when the assembly is in the position shown. Also, what is 
the shaft’s angular acceleration? The mass per unit length of 
each rod is 5 kg/m. 


SOLUTION 


Equations of Motion. The inertia properties of the assembly are 


FBO) = 1.6667 kg: m? 


BOP) + [0 + 5(1)()] = 50.0 kg* m? 


11503) \(32) + {Boo + 5(1)(P + 0.5") > = 51.67 kg: m? 
3 12 
0 


ry = 0 + [5(1)](1)(0.5) = 2.50kg-m = Ly = 


with © = 2 rad/s, w, = œ; = 0 and Wy = o, = 0 by referring to the FBD of the 
assembly, Fig. a, 


=M, = Lo;  —[5(1)](9.81)(0.5) = 1.6667 oy 
w, = —14.715 rad/s? = —14.7 rad/s? Ans. 


£M, = -Iy os [5(1)](9-81(1) + [5(2)](9.81)(1.5)—B_(3) = —2.50(—14.715) 
B, = 71.6625 N = 77.7N Ans. 
$M, = —Ly oz, —B,(3) = —2.50(2) B, = 3.3333 N = 3.33 N Ans. 


LF. = M(ac)x Ay = 0 Ans. 


IF, = M(ac); —Ay — 3.333 = [5(1)][-27(0.5)] A, = 6.667 N = 6.67N Ans. 
XF, = M(ag)z, A, + 77.6625 — [5(3)](9.81) — [5(1)](9.81) = [5(1)][-14.715(0.5)] 


A, = 81.75 N Ans. 


(18,2, 0) 


CI, Os o) dy = —14.7 rad/s? 
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21-47. 


The assembly is supported by journal bearings at A and B, 
which develop only y and z force reactions on the shaft. If 
the shaft A is subjected to a couple moment 
M = {40i} N-m, and at the instant shown the shaft has an 
angular velocity of w= {2i} rad/s, determine the 
reactions at the bearings of the assembly at this instant. 
Also, what is the shaft’s angular acceleration? The mass per 
unit length of each rod is 5 kg/m. 


SOLUTION 


Equations of Motions. The inertia properties of the assembly are 


I FCC) = 1.6667 kg: m? 


x 


FBO?) + [0 + [SC)](P)] = 50.0 kgm? 


FBO?) + {E IO) + [5(1)](2 + os} = 51.67 kg: m? 
y = 0 + [5(1)](1)(0.5) = 2.50 kg: m? 


with wx = 2 rad/s, w, = œ, = 0 and ù, = w, = 0 by referring to the FBD of the 
assembly, Fig. a, f 


3M, = Lo 40 — [5(1)](9.81)(0.5) = 1.6667 ò, 
o, = 9.285 rad/s? Ans. 
[5(1)](9.81)(1) + [5(3)](9.81)(1.5) — B}(3) = —2.50(9.285) 
B, = 97.6625 N = 97.7 N Ans. 


EM, = -ly wo —B,(3) = —2.50(2) B, = 3.3333 N = 3.33 N Ans. 
SF. = M(ag)x; A, = 0 Ans. 
SF, = M(ag)y; —4, — 3.3333 = [5(1)][-22(0.5)] A, = 6.6667 N = 6.67N Ans. 
SE, = Mag); A, + 97.6625 — [5(3)](9.81) — [5(1)](9-81) = [5(1)][9.285(0.5)] 


A, = 121.75 N = 122N Ans. 


ns: 
jų = 9.285 rad/s? 
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*21-48. 


The man sits on a swivel chair which is rotating with a 
constant angular velocity of 3 rad/s. He holds the uniform 
5-lb rod AB horizontal. He suddenly gives it an angular 
acceleration of 2 rad/s’, measured relative to him, as 
shown. Determine the required force and moment 
components at the grip, A, necessary to do this. Establish 
axes at the rod’s center of mass G, with +z upward, and +y 
directed along the axis of the rod towards A. 


SOLUTION 


1 
12 


I, = 1,= 


Ge? = 0.1165 ft 


1, = Wy = 0 
w, = 3 rad/s 
À = (òr) + OX w= -21+0 
@, = —2 rad/s? 
dy = ù, = 0 
(ac) = 0 
(ac); = (3.5)(3) = 31.5 ft/s? 
(ag): = 2(1.5) = 3 ft/s? 
2F,=m(ag) A,=0 


5 


=F, = m(ac)y; Ay = 32.2 


(31.5) = 4.89 Ib 
5 
=F, a m(ag)z3 =e A, = 322°) 


A, = 5.47 1b 

EM, = I,@, — Uy = IL)oy Wz; 
M, + 5.47(1.5) = 0.1165(—2) —0 
M, = —8.43 lb-ft 


ÈM, = Io, — Uz — [,)w, oy; 


~ Qx — Ty ox Wy; 


>> 
lI z 


=o 
4.89 Ib 

AT Ib 

—8.43 Ib ft 

=0 


> 
II 


IIRS 
oll Al 
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21-49. 


The rod assembly is supported by a ball-and-socket joint at 
C and a journal bearing at D, which develops only x and y 
force reactions. The rods have a mass of 0.75 kg/m. 
Determine the angular acceleration of the rods and the 
components of reaction at the supports at the instant D w= 8 rad/s 
w = 8 rad/s as shown. 


ai 


SOLUTION 


Q =w= 8k 


0.75(1)(2)(0.5) = 0.75 kg + m? 


RE Z07500} = 0.25 kg: m? 


Eqs. 21-24 become 


—D,(4) — 7.3575(0.5) = 0.75(8} 

D, = —12.9N 

D, (4) = -0.750, 

50 = 0.250, 

@, = 200 rad/s? 

D, = -37.5N 

DF, = m(ag)x; «x — 37.5 = —1(0.75)(200)(0.5) 
C, = -37.5 N 

ZF, = m(ag)y; y — 12.9 = —(1)(0.75)(8)? (0.5) 


C, = -11.1N 


ZF, = m(ag)z;  — 7.3575 — 29.43 = 0 


C, = 36.8 N 


= 200 rad/s? 
= -12.9N 
= —37.5N 
—37.5N 
—-11.1N 
= 36.8N 
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21-50. 


The bent uniform rod ACD has a weight of 5 lb/ft and is 
supported at A by a pin and at B by a cord. If the vertical 
shaft rotates with a constant angular velocity w = 20 rad/s, 
determine the x, y, z components of force and moment 
developed at A and the tension in the cord. 


SOLUTION 


wy = 0 


20 rad/s 


Wy =w,=0 


The center of mass is located at 


s¢($) 


1# 
=j 
= 0.25 ft 3 6 lay 
ï 


5(2) 


y = 0.25 ft (symmetry) 


5 


he = 355 


(—0.5)(1) = —0.0776 slug - ft? 


E 


a 


x 


A o, shy 
Ww 


Eqs. 21-24 reduce to 

2M, = Ll.) 

—T,(0.5) — 10(0.75) = —0.0776(20)? 

Ty = 47,116 

XM, = 0; 

$M, = 0; 
= ma; 


j= (35 )eora — 0.25) 


32.2 
=471=10=0 
A, = 57.1 1b 


Ans: 
Tg = 47.1 1b 
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21-51. 


The uniform hatch door, having a mass of 15 kg and a mass 
center at G, is supported in the horizontal plane by bearings at 100 mm 
A and B. If a vertical force F = 300 N is applied to the door ) 
A A 200 mm œ 
as shown, determine the components of reaction at the ag AS 
bearings and the angular acceleration of the door. The bearing 
at A will resist a component of force in the y direction, 
whereas the bearing at B will not. For the calculation, assume 
the door to be a thin plate and neglect the size of each 
bearing. The door is originally at rest. 


SOLUTION 


Eqs. 21-25 reduce to 
=M, = 0; 300(0.25 — 0.03) + B,(0.15) — A(0.15) = 0 


B, — A, = —440 () 


KE 
EM, = I,@y;  15(9.81)(0.2) — (300)(0.4 — 0.03) = [51504 + 15(0.2)"]o, (0.25-0,03)m (0.4-0.03)m 


ò, = —102 rad/s” Ans. 
.=0; —B,(0.15) + A,(0.15) = 0 
; = m(ac); —A, + By =0 
B, =0 
= m(ag)y; Ay =0 
= m(ag); 300 — 15(9.81) + B, + A, = 15(101.96)(0.2) 
B, + A, = 153.03 
Solving Eqs. (1) and (2) yields 
A, = 297N 


B, = —143 N 
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*21-52. 


The 5-kg circular disk is mounted off center on a shaft 
which is supported by bearings at A and B. If the shaft is 
rotating at a constant rate of w = 10 rad/s, determine the 
vertical reactions at the bearings when the disk is in the 
position shown. 


SOLUTION 


y = —10 rad/s, w,=0 


G +=M, = 1, o Uy Toy wz 


—(0.2)(F 4) + (0.2)(Fz) = 0 


Fa = Fg 


+L5F, = ma,; F4 + Fg -— 5(9.81) = —5(10} (0.02) 


F4 = Fg=19.5N 
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21-53. 


Two uniform rods, each having a weight of 10 lb, are pin 
connected to the edge of a rotating disk. If the disk has 
a constant angular velocity wp = 4 rad/s, determine 
the angle 0 made by each rod during the motion, and the 
components of the force and moment developed at the 
pin A. Suggestion: Use the x, y, z axes oriented as shown. 


SOLUTION 


1 / 10 
I, 4)* = 0.4141 slug: ft? L 
ET (E ) iii z 


Applying Eq. 21-25 with 


wy = 4sin 6 w; = 4 cos 0 


— (L — L)wyoz; —A,(2) = 0 — (0.4141 — 0)(4 sin 0)(4 cos 0) 
-= (L -Ljo;og  M,+ A(2)=0 
=(= Jo, wy; M, = 0 

Also, 

LF, = m(ac)x; 


From Eq. (2) =0 


10 
= m(ag)y; y — 10siné@ = (z -)azs + 2 sin 0)(4} cos 0 


10 


LF, = m(ag)z; A, — 10 cos = E 


Jars + 2 sin 0)(4} sin 0 


Solving Eqs. (1), (3) and (4) yields: ( J 


6 = 64.1° A, = 130 1b 4, = 20.2 Ib ; Qe =(115t2in0) C4) 
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21-54. 


The 10-kg disk turns around the shaft AB, while the shaft 
rotates about BC at a constant rate of w, = 5 rad/s. If the 
disk does not slip, determine the normal and frictional force 
it exerts on the ground. Neglect the mass of shaft AB. 


SOLUTION 


Kinematics. The instantaneous axis of zero velocity (IA) is indicated 
in Fig. a. Here the resultant angular velocity is always directed along 
TA. The fixed reference frame is set to coincide with the rotating xyz 
frame using the similar triangle, 


2 
oO, = 04”) = 25.0 rad/s 


w =o, + w, = {—5i + 25.0k} rad/s 


Here, (@,)xyz = (@z)xyz = 0 since w, is constant. The direction of w, will not change 
that always along x axis when Q = w,.Then 


(O = (@y)xyz + @ X wo, = 0 


The direction of w, does not change with reference to the xyz rotating frame if this 
frame rotates with Q = œw, = {—Si} rad/s.Then 


o, = (@z)xyz + Wy X oz 
0 + (—5i) X (25.0k) 
{125j} rad/s? 


Finally 


125j = {125j} rad/s” 
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21-54. Continued 


Equations of Motion. The mass moments of inertia of the disk about the x, y and 
z axes are 


i= =(10)(0.4") + 10(2?) = 40.4kg-m 


5(10)(0.4) = 0.800 kg: m? 


By referring to the FBD of the disk, Fig. b, 2M, = 1, oy — U, — Low; 
N(2) — 10(9.81)(2) = 40.4(125) — (0.8 — 40.4)(25.0)(—5) 
N = 148.1N = 148 N 
2M, = Lo, — (h — t)ox,oy;  F(0.4)=0-0 
Fr=0 
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21-55. 


The 20-kg disk is spinning on its axle at œ, = 30 rad/s, 
while the forked rod is turning at w, = 6 rad/s. Determine 
the x and z moment components the axle exerts on the disk 
during the motion. 


SOLUTION 
Solution I 


Kinematics. The fixed reference XYZ frame is set coincident with the rotating xyz 
frame. Here, this rotating frame is set to rotate with Q = œw, = {—6k} rad/s. The 
angular velocity of the disk with respect to the XYZ frame is 


w = w, + w; = {30j — 6k} rad/s 


wy = 30 rad/s w, = —6rad/s 


Since w, and œ, does not change with respect to xyz frame, œ with respect to this 


frame is w = 0. Then 
= ò, =0 


Equation of Motion. Although the disk spins about the y axis, but the mass moment 
of inertia of the disk remain constant with respect to the xyz frame. 


£(20)(0.2”) = 0.2 kg: m? 


$(20)(0.2”) = 0.4 kg: m? 
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21-55. Continued 


With Q 4 w with Q, = 0, Q, = 0 and Q, = —6 rad/s 
ÈM, = Lox = [,0.,0, i [,Q,@;; 


(My), = 0 — 0.4(—6)(30) +0 (Mo) = 72.0N-m 
2M, = hay — 1,0,0, + [.O,0, 
0 =0 (Satisfied!) 


=M, = Loz ~ TOya, a [,0,.ay; 
(M): = 0-0 +0=0 


Solution IT 


Here, the xyz frame is set to rotate with Q = œ = {30j — 6k} rad/s. Setting 
another x'y'z’ frame coincide with xyz and XYZ frame to have an angular velocity 
of Q' = w, = {-6k} rad/s, 


o= (@) xyz = (@)x'y'2" + Q' X@ 


= 0 + (—6k) x (30j — 6k) = {180i} rad/s? 


@, = 180 rad/s v, = 
with Q = ø, 
IM, = Lox — (ly — 1,)wyo,; — (Mo)x = 0.2(180) — (0.4 — 0.2)(30)(—6) 
= 72.0N:m 
XM, = loa, — (L — L)owx; 0=0-0 (Satisfied) 
SM, = Lò: — (fp - hoy (Mo), = 0-0 = 0 


Ans: 
(Mo). = 72.0N-m 
(Mo): =0 
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*21-56. 


The 4-kg slender rod AB is pinned at A and held at B bya 
cord. The axle CD is supported at its ends by ball-and-socket 
joints and is rotating with a constant angular velocity of 
2 rad/s. Determine the tension developed in the cord and 
the magnitude of force developed at the pin A. 


SOLUTION 


1 
a (4)(2)° = 5.3333 kg-m? ss I, = 0 


Applying the third of Eq. 21-25 with 
y = 2 cos 40° = 1.5321 rad/s 
= 2 sin 40° = 1.2856 rad/s 
BM, = Ix — (ly - 1) oy 0; 
T(2 cos 40°) — 4(9.81)(1 sin 40°) = 0 — (0 — 5.3333)(1.5321)(1.2856) 


T = 23.3N 


= m(dg)x' ; Ay =0 
y = m(ag)y; Ay — 23.32 = —4(2} (1 sin 40°) Ay = 13.03 N 


,= m(ag)»; Ay — 4(9.81)=0 A; = 39.24 N 


+ A2 = VO + 13.03? + 39.24? = 41.3 N 


F= VÆ+ 4 
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21-57. 


The blades of a wind turbine spin about the shaft S with a 
constant angular speed of w,, while the frame precesses 
about the vertical axis with a constant angular speed of w,. 
Determine the x, y, and z components of moment that the 
shaft exerts on the blades as a function of 6. Consider each 
blade as a slender rod of mass m and length /. 


SOLUTION 


The rotating xyz frame shown in Fig. a will be attached to the blade so that it rotates 
with an angular velocity of Q = w, where w = w, + wp. Referring to Fig. b 


wp = ©, Sin Oi + w, cos 6k. Thus, w = @, sin Oi + w,j + w, cos 6k. Then 


w, = w, sind w, = wy W, = W),COS O 


The angular acceleration of the blade w with respect to the XYZ frame can be 


obtained by setting another x’y’z’ frame having an angular velocity of 
Q! = w, = @, sin ĝi + w, cos 0k. Thus, 
ò = (@yy) + U X w 
= (@r)wyz t (02) x'y'z" + O'X ws + O'X wp 
0 + 0 + (w, sin 6i + w, cos 0k) X (wg) + 0 

= —,0, COS 61 + ww, sin 0k 
Since Q = w, wyyy = æ. Thus, 
sin 0 


cos 0 t O, = Ow 


Oy, = Wp ) 2 


p 
Also, the x, y, and z axes will remain as principle axes of inertia for the blade. Thus, 


Í 2 
I =,= p CMI? = mÊ? I,=0 


Applying the moment equations of motion and referring to the free-body diagram 
shown in Fig. a, 


2 2 
=M, = Lox — (1; — 1,)wyeoz; M, gl Cow cos 0) — G me? — 0 Joo cos 0) 


4 
Ta, mÊ? ww COS 0 Ans. 


2 
y = Loy, - (1, — I)o; 0 = (0 = mio, cos 0)(w, sin 0) 
1 
3 mÊ op sin 20 Ans. 


= Iw, — (x = Ty)oxwy ; 0-0=0 


4 
=n owp cos 0 


1 
= znl wp sin 20 
=0 
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21-58. 


The 15-lb cylinder is rotating about shaft AB with a constant 
angular speed w = 4rad/s. If the supporting shaft at C, 
initially at rest, is given an angular acceleration 
ac = 12 rad/s”, determine the components of reaction at the 
bearings A and B. The bearing at A cannot support a force 
component along the x axis, whereas the bearing at B does. 


SOLUTION 


w = {—4i} rad/s 


O = Wy, + Q X w = 12k + 0 X (—4i) = {12k} rad/s? 


IM, = or- (ly— I, ayo, 0=0 


=M, = Ia, — Uz — L) @, @y, B,(1) —- A, (1) =0 


y 


=M,=1,0,- (Iy-1)o,a,, 4 (1) — By (1) = cos 4 o) la» =0 


DF, = m(ag)x3 . Ans. 


15 


ZF, = m(ag)y; 


Jar) 


=F, = m(ag)z; 


Solving, 
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21-59. 


The thin rod has a mass of 0.8 kg and a total length of 150 mm. 
It is rotating about its midpoint at a constant rate 6 = 6 rad/s, 
while the table to which its axle A is fastened is rotating at 
fastened is rotating at 2 rad/s. Determine the x, y, z moment 
components which the axle exerts on the rod when the rod is 
in any position 0. 


SOLUTION 


The x,y,z axes are fixed as shown. 
w, = 2sin@ 
2 cos 0 
6 = 6 
20 cos 6 = 12 cos 0 
= —26 sin @ = —12 sin 0 


0 


1 z 
=l, = 75 (0-8)(0.15)° = 1.5(10°) 
Using Eqs. 21-25: 


=M,=0-0=0 


EM, = 1.5(10-*)(—12 sin 6) — [1.5(10°)—0](6)(2 sin 6) 


=M, = (—0.036 sin 0) N +m 
=M, = 0 — [0 — 1.5(10°%)](2 sin 6)(2 cos 0) 


£M, = 0.006 sin 6 cos 0 = (0.003 sin 20) N-m 


2M, = 0 
XM, = (—0.036 sin 0) N-m 
$M, = (0.003 sin 20) N -m 
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*21-60. 


Show that the angular velocity of a body, in terms of 
Euler angles ġ, 0, and w%, can be expressed as 
w= (¢ sin 0 sin y +ô cos y )i + (sin 6 cos y — ô sin y)j + 
($ cos 0 + wk, where i, j, and k are directed along the x, y, 
z axes as shown in Fig. 21-15d. 


SOLUTION 
From Fig. 21-15b. due to rotation ¢, the x, y, z components of $ are simply $ along 


Z axis. 


From Fig 21-15c, due to rotation 90, the x, y, z components of $ and ô are $ sin 6 in 
the y direction, ġ cos @ in the z direction, and 0 in the x direction. 


Lastly, rotation w. Fig. 21-15d, produces the final components which yields 


w = ($ sin 0 sin y + 0 cos bi + ($ sin 0 cos y — 6 sin bi + (¢ cos 0 + b)k Q.E.D. 


Ans: 

w = (¢ sin 8 sin y + 6 cos y )i 
$ sin 0 cos y — ô sin w)j 

$ cos 0 + wb )k 


F ( 
e 
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21-61. 


A thin rod is initially coincident with the Z axis when it is 
given three rotations defined by the Euler angles ¢ = 30°, 
0 = 45°, and & = 60°. If these rotations are given in the 
order stated, determine the coordinate direction angles a, B, 
y of the axis of the rod with respect to the X, Y, and Z axes. 
Are these directions the same for any order of the 
rotations? Why? 


SOLUTION 
u = (1 sin 45°) sin 30° i — (1sin 45°) cos 30°j + 1cos 45° k 
u = 0.35361 — 0.6124j + 0.7071k 


= cos ! 0.3536 = 69.3° 


B = cos '(—0.6124) = 128° 


y = cos !(0.7071) = 45° 


No, the orientation of the rod will not be the same for any order of rotation, because 
finite rotations are not vectors. 


= 69.3° 

= 128° 
y = 45° 
No, the orientation will 
not be the same for any 
order. Finite rotations 
are not vectors. 


1172 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


21-62. 


The gyroscope consists of a uniform 450-g disk D which is 
attached to the axle AB of negligible mass. The supporting 
frame has a mass of 180 g and a center of mass at G. If the 
disk is rotating about the axle at wp = 90 rad/s, determine 
the constant angular velocity w, at which the frame 
precesses about the pivot point O. The frame moves in the 
horizontal plane. 


SOLUTION 


=M, = 1, 0,0, 


(0.450)(9.81)(0.125) + (0.180)(9.81)(0.080) = 5 (0.450)(0.035)? wp (90) 


wp = 27.9 rad/s 


003m 
0.13009, IN 


0, $509.91) NA 


Ans: 


wp = 27.9 rad/s 
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21-63. 


The toy gyroscope consists of a rotor R which is attached 
to the frame of negligible mass. If it is observed that the 
frame is precessing about the pivot point O at w, = 2 rad/s, 
determine the angular velocity wr of the rotor. The stem 
OA moves in the horizontal plane. The rotor has a mass of 


200 g and a radius of gyration ko, = 20 mm about OA. 


SOLUTION 
2M, = LO,w, 


(0.2)(9.81)(0.03) = [ 0.20.02)" | (2)(wr) 


wr = 368 rad/s 


4 30mm * 


a, 


oy 3 


0.21931) N 


Ans: 
wr = 368 rad/s 
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*21-64. 


The top consists of a thin disk that has a weight of 8 lb and 
a radius of 0.3 ft. The rod has a negligible mass and a length 
of 0.5 ft. If the top is spinning with an angular velocity 
w; = 300 rad/s, determine the steady-state precessional 
angular velocity w, of the rod when 6 = 40°. 


SOLUTION 
=M, = —I $° sin 0 cos @ + Id sin 0(¢ cos 0 + i) 


1/ 8 8 
8(0.5 sin 40°) = È (= ;)(03y (= zoso sin 40° cos 40° 


+ es 0.3)? in 40° ( 40° + 300 
4\ 309 (0.3)° |w, sin @p COS ) 


0.02783w?, — 2.1559, + 2.571 = 0 


1.21 rad/s Ans. (Low precession) 


76.3 rad/s Ans. (High precession) 
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21-65. 


Solve Prob. 21—64 when 0 = 90°. 


SOLUTION 
XM, = 1,0,w, 


8(0.5) = ECSC 


wp = 1.19 rad/s 


Ans: 
wp = 1.19 rad/s 
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21-66. 


The propeller on a single-engine airplane has a mass of 15 kg 
and a centroidal radius of gyration of 0.3 m computed about 
the axis of spin. When viewed from the front of the airplane, 
the propeller is turning clockwise at 350 rad/s about the spin 
axis. If the airplane enters a vertical curve having a radius 
of 80 m and is traveling at 200km/h, determine the 
gyroscopic bending moment which the propeller exerts on 
the bearings of the engine when the airplane is in its 
lowest position. 


SOLUTION 
w, = 350 rad/s = w, 


200(10°) 


v = 200 km/h = 3600 


= 55.56 m/s 


55.56 
Q, = “g0 = 0.694 rad/s 


IM, = 1,0, 0, 


M, = [15(0.3)7](0.694)(350) 


M, = 328N-m 


1177 


Ans: 
M, = 328N-m 
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21-67. 
A wheel of mass m and radius r rolls with constant spin wœ 
about a circular path having a radius a. If the angle of 


inclination is 0, determine the rate of precession. Treat the 
wheel as a thin ring. No slipping occurs. 


SOLUTION 


Since no slipping occurs, 


(r)b = (a + r cos 6) ġ 


w = psindj + (-p + ¢cosd)k 


0, Oy = sind, oy = -W + cos 
h x y = — ow sind 
-by sin 0, @y = « 

Applying 

=M, = Io; + UI, — Ty)o,y 


2 2 
F r sinb — N r-coso = => (—di sin 0) t (mr p )\(—h + cos 6)(¢ sin 0) 


Using Eqs. (1), (2) and (3), and eliminating y, we have 


; 2o + 8.. 
mag’rsinð — m gr cos0 = T ( $)sino(É = J)o 
r 


2 _¢2 2. 
mr ( $ B sino S (¢* sin 0 cos 0) 
r 


mag? sinðr — m gr cos 0 = > 


2 g cos = a ẹsin 0 + r > sin 0 cos 0 


2gcoté in 


a + rcos0 Ans: 


: 2gcos@ \1/2 
(20) 


a+ rcosé 
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*21-68. 


The conical top has a mass of 0.8 kg, and the moments 
of inertia are L=Ļ= 3.5(10°) kg-m? and 
I, = 0.8(10°) kg-m’. If it spins freely in the ball-and 
socket joint at A with an angular velocity w, = 750 rad/s, 
compute the precession of the top about the axis of the 
shaft AB. 


SOLUTION 
w, = 750 rad/s 


Using Eq. 21 — 30. 


=M, = —I¢’ sin 0 cos 0 + I, ġ sin 0 ($ cos 0 + ) 


0.1(0.8)(9.81) sin 30° = —3.5(10°)¢7 sin 30° cos 30° + 0.8(10)¢ sin 30°(¢ cos 30° + 750) 


Thus, 


1.160(10°)ġ? — 300(10)¢ + 0.3924 = 0 


ġ = 1.31 rad/s (low precession) 


p = 255 rad/s (high precession) 


Ans: 


ġo = 1.31 rad/s 


ġ = 255 rad/s 
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21-69. 


The top has a mass of 90 g, a center of mass at G, and a radius 
of gyration k = 18mm about its axis of symmetry. About 
any transverse axis acting through point O the radius of 
gyration is k, = 35 mm. If the top is connected to a ball-and- 
socket joint at O and the precession is w, = 0.5 rad/s, 
determine the spin w,. 


SOLUTION 


w, = 0.5 rad/s 


XM, = -If sin 0 cos 0 + Ld sin ( cos 0 + i) 


0.090(9.81)(0.06) sin 45° = —0.090(0.035)? (0.5) (0.7071) 
+ 0.090(0.018)7(0.5)(0.7071)| 0.5(0.7071) + ý] 
w, = b = 3.63(10°) rad/s 


Ans: 
w, = 3.63(10°) rad/s 
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21-70. 


The 1-lb top has a center of gravity at point G. If it spins z 
about its axis of symmetry and precesses about the vertical L 


SSS 
axis at constant rates of w, = 60 rad/s and w, = 10 rad/s, 0 Ta 
respectively, determine the steady state angle 0. The radius w= 10räd/s a os w, = 60 rad/s 
of gyration of the top about the z axis is k, = 1in., and | 
about the x and y axes itis k, = k, = 4in. 


SOLUTION 


Since # = w, = 60 rad/s and ¢ = wp = —10rad/s and 0 are constant, the top 
undergoes steady precession. 


I a : (5) = 21567(10-9) 3 ‘f? and T=1,=1 =| : \(4) 
z= \32.2/\12 ieee en BEN B09 ITD 


7 4.4507 (10°) slug - ft”. 


Thus, 
=M, = -If sin 0 cos 0 + Ld sin olo cos + b) 
—1 sin 0(0.25) = —3.4507(10~)(—10)’ sin @ cos 6 + 215.67(10~°)(—10) sin 6[(—10) cos @ + 60] 


0 = 68.1° Ans. 
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21-71. 


The space capsule has a mass of 2 Mg, center of mass at G, 
and radii of gyration about its axis of symmetry (z axis) and 
its transverse axes (x or y axis) of k, = 2.75m and 
kx = k, = 5.5 m, respectively. If the capsule has the angular 
velocity shown, determine its precession ¢ and spin w. 
Indicate whether the precession is regular or retrograde. 
Also, draw the space cone and body cone for the motion. 


SOLUTION 


The only force acting on the space capsule is its own weight. Thus, it undergoes 
torque-free motion. 7, = 2000(2.757) = 15 125kg-m’, J = 1, = Z, = 2000(5.5) 
= 60 500 kg- m*. Thus, 


_ Hgsiné 
= & 


Wy 


. Hg sin 0 
150 sin 30° = ——— 
60 500 
Hg sin 0 = 4 537 500 


_ Hgcos0 
wz; = L 


Hg cos 0 
15125 


150 cos 30° = 
Hg cos 6 = 1 964 795.13 
Solving Eqs. (1) and (2), 
Hg = 4.9446(10°) kg-m?/s 
Using these results, 


Ho Hg 49446(10°) 
I 60500 60500 


= 81.7 rad/s 


osg = | 60500 = 15125 
60 500(15125) 


[rosas(ios) cos 30° 


212 rad/s 


Since J > 1, the motion is regular precession. 


Ans: 


ġ = 81.7 rad/s 


= 212 rad/s 
regular precession 
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*21-72. 


The 0.25 kg football is spinning at w, = 15 rad/s as shown. 
If 6 = 40°, determine the precession about the z axis. The 
radius of gyration about the spin axis is k, = 0.042 m, and 
about a transverse axis is k, = 0.13 m. 


SOLUTION 


Here, =, = 15rad/s, I= mk? = 0.25(0.13") = 0.004225 kg: m° 
I, = mk? = 0.25(0.0427) = 0.000441 kg- m°. 

. I-L. 

y= T ¢ cos 0; 15 = 


z 


0.004225 — 0.000441 \ . , 
0.000441 Jó poset 


$ = 2.282 rad/s* = 2.28 rad/s? 


Ans: 
$ = 2.28 rad/s 
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21-73. 


The projectile shown is subjected to torque-free motion. 
The transverse and axial moments of inertia are J and Z, 
respectively. If @ represents the angle between the 
precessional axis Z and the axis of symmetry z, and B 
is the angle between the angular velocity w and the 
z axis, show that 6 and 0 are related by the equation 
tan 0 = (I/I) tan B. 


SOLUTION 


Hgsin 0 
I 


From Eq. 21-34 w, = and w, = 


However, w, = wsin B and w, = w cos B 


y 


w 


y L 


=t = — tan 0 
an B 7 an 


Oz 


I 
tan@d =—t 
an 7 an B 
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21-74. 


The radius of gyration about an axis passing through the 
axis of symmetry of the 1.6-Mg space capsule is k, = 1.2 m, 
and about any transverse axis passing through the center of 
mass G, k, = 1.8 m. If the capsule has a known steady-state 
precession of two revolutions per hour about the Z axis, 
determine the rate of spin about the z axis. 


SOLUTION 
I = 1600(1.8)}, 7, = 1600(1.2)* 


Use the result of Prob. 21-75. 


I 
tan 0 = (4) tan B 
L 


AA N 
160001.2) nF 


tan 20° = ( 


B = 9.189° f 
l2o°- 9.139°) 


Using the law of sines: 9,189" 


sin 9.189° sin (20° — 9.189°) 
20 ý 
w = 2.35 rev/h 


Ans: 


w = 2.35 rev/h 
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21-75. 


The rocket has a mass of 4 Mg and radii of gyration 
k, = 0.85 m and k, = 2.3 m. It is initially spinning about the 
z axis at œ, = 0.05 rad/s when a meteoroid M strikes it at A 
and creates an impulse I = {300i} N-s. Determine the axis 
of precession after the impact. 


SOLUTION 


The impulse creates an angular momentum about the y axis of 
H, = 300(3) = 900 kg+m’/s 

Since 

w, = 0.05 rad/s 

then 

Hg = 900j + [4000(0.85)7](0.05)k = 900j + 144.5k 


The axis of precession is defined by Hg. 


= 900j + 144.5k 
“He 911.53 


= 0.9874j + 0.159k 


Thus, 
a = cos /(0) = 90° 
B = cos '(0.9874) = 9.12° 


y = cos '(0.159) = 80.9° 
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*21-76. 


The football has a mass of 450 g and radii of gyration 
about its axis of symmetry (z axis) and its transverse axes 


Q. 
(x or y axis) of kz = 30mm and ky = ky = 50mm, mA 
respectively. If the football has an angular momentum of : > QA 
Hc = 0.02kg - m’/s, determine its precession ¢ and spin w. B 
Also, find the angle £ that the angular velocity vector makes 

with the z axis. 


Hg = 0.02 kg - m2/s 
Z 


SOLUTION 

Since the weight is the only force acting on the football, it undergoes torque-free 
motion. Z, = 0.45(0.037) = 0.405(107°) kg-m?, Z= I, = I, = 0.45(0.05°) 
= 1.125(1073) kg + m?, and 0 = 45°. 


_ 0.02 
1.125(1073) 
I-I 1.125(107°) — 0.405(107°) 
— — Hgcosl = 
I: 1.125(107°)(0.405)(107°) 


22.35 rad/s = 22.3 rad/s 


= 17.78 rad/s = 17.8 rad/s 


(0.02) cos 45° 


Hgsin@ 0.02 sin 45° 
I 1.125(107°) 


= 12.57 rad/s 


Hgcosð 0.02 cos 45° 
I, 0.405(107°) 


= 34.92 rad/s 


Ans: 


¢ = 17.8 rad/s 


Ww = 22.3 rad/s 
B = 19.8° 
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21-77. 


The satellite has a mass of 1.8 Mg, and about axes passing 
through the mass center G the axial and transverse radii of 
gyration are k, = 0.8 m and k, = 1.2 m, respectively. If it is 
spinning at w, = 6 rad/s when it is launched, determine its 
angular momentum. Precession occurs about the Z axis. 


SOLUTION 


I = 1800(1.2)? = 2592kg-m’ 7, = 1800(0.8)* = 1152 kg: m? 


Applying the third of Eqs. 21-36 with 0 = 5 ẹ = 6 rad/s 


T k cose 
g Hoos 


z 


2592 — 1152 
= Hg cos 5° 


2592(1152) 


Hg = 12.5 Mg: m’/s 
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Ans: 
Hg = 12.5 Mg: m?/s 
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21-78. 


The radius of gyration about an axis passing through the 
axis of symmetry of the 1.2 Mg satellite is k, = 1.4m, 
and about any transverse axis passing through the 
center of mass G, k, = 2.20 m. If the satelite has a 
known spin of 2700 rev/h about the z axis, determine the 
steady-state precession about the z axis. 


SOLUTION 


2700(27) 


3600 
The moment inertia of the satelite about the z axis is Z, = 1200(1.4”) = 2352 kg- m? and the 


Gyroscopic Motion: Here, the spinning angular velocity Y = œ, = = 1.57 rad/s. 


moment inertia of the satelite about its transverse axis is J = 1200(2.207) = 5808 kg: m’. 


Applying the third of Eq. 21-36 with 0 = 15°, we have 


. I=L 


y= TI Hg cos 0 


5808 — 2352 
5808(2352) 


1.57 = | 


jue cos 15° 
Hg = 19.28(10°) kg: m?/s 


Applying the second of Eq. 21-36, we have 


Hg _ 19.28(10°) 
I 5808 


b= = 3.32 rad/s 
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Ans: 


$ = 3.32 rad/s 
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22-1. 


A spring is stretched 175 mm by an 8-kg block. If the block is 
displaced 100 mm downward from its equilibrium position 
and given a downward velocity of 1.50 m/s, determine the 
differential equation which describes the motion. Assume 
that positive displacement is downward. Also, determine the 
position of the block when t = 0.22 s. 


SOLUTION 
+ 13F, = may; mg — k(y + you) = my where kys, = mg 


k 


yt—y=0 
m 


_ 8(9.81) 


0175 448.46 N/m 


Y + (7.487)’y = 0 y+ 56.1y = 0 
The solution of the above differential equation is of the form: 
y = A sin pt + B cos pt 
v = y = Ap cos pt — Bp sin pt 
Att = 0, y = 0.1 m and v = v = 1.50 m/s 


From Eq. (1) 0.1 = Asin0 + B cos 0 B=01m 


v 1.50 
From Eq. (2) v = Ap cos0 — 0 A=— 


= =~ = 0.2003 
D 7487 a 


Hence y = 0.2003 sin 7.487t + 0.1 cos 7.487t 


Att = 0.22s, y = 0.2003 sin [7.487(0.22)] + 0.1 cos [7.487(0.22)] 


= 0.192 m 


Ans: 
y+ 56.1y =0 
y|=022s = 0.192 m 


1190 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


22-2. 

A spring has a stiffness of 800 N/m. If a 2-kg block is 
attached to the spring, pushed 50 mm above its equilibrium 
position, and released from rest, determine the equation 


that describes the block’s motion. Assume that positive 
displacement is downward. 


SOLUTION 


k 800 
p=,| ad = 20 
m 2 


A sin pt + B cos pt 


Gp) 


x = —0.05m  whent = 0, lG, =542)X 
—0.05 = 0 + B; B = —0.05 
= Ap cos pt — Bp sin pt 
0 when ¢ = 0, 
A(20) — 0; A=0 
Thus, 


x = —0.05 cos (208) 


Ans: 
x = —0.05 cos (202) 
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22-3. 


A spring is stretched 200 mm by a 15-kg block. If the block 
is displaced 100mm downward from its equilibrium 
position and given a downward velocity of 0.75 m/s, 
determine the equation which describes the motion. What is 
the phase angle? Assume that positive displacement is 
downward. 


SOLUTION 


F  15(9.81 
k=—= oe 735.75 N/m 


y 
me Eo TET. se 
m 15 


y = Asinw,t + Boos w,t 


y = 0.1m whent = 0, 
0.1 = 0 + B; B = 0.1 
v = Aw, COS w,t — Ba, sin wpt 
v = 0.75 m/s when t = 0, 
0.75 = A(7.00) 
A = 0.107 


y = 0.107 sin (7.00f) + 0.100 cos (7.002) 


B 0.100 
tan“! = tan! = 43.0° 
p= tan (2) ar (ae) 


Ans: 
y = 0.107 sin (7.002) + 0.100 cos (7.002) 
ġo = 43.0° 
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*22-4, 


When a 20-lb weight is suspended from a spring, the spring 
is stretched a distance of 4 in. Determine the natural 
frequency and the period of vibration for a 10-lb weight 
attached to the same spring. 


SOLUTION 


20 


= | = 60 lb/ft 


12 
[k / 60 
~mn o = 13.90 rad/s 
m 32.2 


a = 0.452 s 


On 


Ans: 
@, = 13.90 rad/s 
tT = 0.45258 
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22-5. 


When a 3-kg block is suspended from a spring, the spring is 
stretched a distance of 60 mm. Determine the natural 
frequency and the period of vibration for a 0.2-kg block 
attached to the same spring. 


SOLUTION 


3(9.81) 
0.060 


= 490.5 N/m 


490.5 
0.2 


= 49.52 = 49.5 rad/s 


= aoe = 7.88 Hz 


T 


1 
788 = 0.127 s 


Ans: 
w, = 49.5 rad/s 
t = 0.127 s 
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22-6. 


An 8-kg block is suspended from a spring having a stiffness 
k = 80 N/m. If the block is given an upward velocity of 
0.4 m/s when it is 90 mm above its equilibrium position, 
determine the equation which describes the motion and the 
maximum upward displacement of the block measured 
from the equilibrium position. Assume that positive 
displacement is measured downward. 


SOLUTION 


On = 4 JE =, pee = 3.162 rad/s 
m 8 


v = —0.4 m/s, x = —0.09matt = 0 
x = Asin w,t + B cos w,t 

—0.09 = 0 + B 

B = —0.09 

v = Aw, cos w,t — Bo, sin w,t 

—0.4 = A(3.162) — 0 


A = —0.126 


Thus, x = —0.126 sin (3.16t) — 0.09 cos (3.16t) m 


C= VA + B= V(-0.126)* + (—0.09) = 0.155 m 


Ans: 
x = {—0.126 sin (3.16t) — 0.09 cos (3.16¢) } m 
C = 0.155 m 
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22-7. 


A 2-lb weight is suspended from a spring having a stiffness 
k = 21b/in. If the weight is pushed 1 in. upward from its 
equilibrium position and then released from rest, determine 
the equation which describes the motion. What is the 
amplitude and the natural frequency of the vibration? 


SOLUTION 
k = 2(12) = 24 lb/ft 


k 24 

On = 4) iar) 19.66 = 19.7 rad/s 
un 322 
1 


v=Oatt=0 


ye 42? 


From Eqs. 22-3 and 22-4, 


1 
-—=0+B 
12 


B = —0.0833 

0 = Aw, + 0 

A=0 

C = VA + P = 0.0833 ft = 1 in. 
Position equation, 


y = (0.0833 cos 19.7f) ft 
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Ans: 

w, = 19.7 rad/s 
C=1in. 

y = (0.0833 cos 19.7t) ft 
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*22-8. 


A 6-lb weight is suspended from a spring having a stiffness 
k = 3 lb/in. If the weight is given an upward velocity of 
20 ft/s when it is 2 in. above its equilibrium position, 
determine the equation which describes the motion and the 
maximum upward displacement of the weight, measured 
from the equilibrium position. Assume positive displacement 
is downward. 


SOLUTION 
k = 3(12) = 36 lb/ft 


|k | 36 
On = J = af = 13.90 rad/s 


32.2 


1 
t= 0, = —20 ft/s, y= = ft 


From Eq. 22-3, 


From Eq. 22-4, 
—20 = A(13.90) + 0 


A = -1.44 


y = [-1.44 sin (13.92) — 0.167 cos (13.9t)] ft 


22-10, 


C = VÆ + B? = V(1.44} + (—0.167} = 1.45 ft 


Ans: 
y = [-1.44 sin (13.9t) — 0.167 cos (13.92)] ft 
C = 1.45 ft 
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22-9. 


A 3-kg block is suspended from a spring having a stiffness 
of k = 200 N/m. If the block is pushed 50 mm upward 
from its equilibrium position and then released from rest, 
determine the equation that describes the motion. What are 
the amplitude and the frequency of the vibration? Assume 
that positive displacement is downward. 


SOLUTION 


k 200 
wn Vm al 3 8.16 rad/s 


x = Asin w,t + B cos w,t 


x = —0.05 m whent = 0, 
—0.05 = 0 + B; B = —0.05 
v = Apcos w,t — Ba, Sin w,t 
v = Owhent = 0, 


0 = A(8.165)- 0; A=0 


x = —0.05 cos (8.16t) 


C = VA? + B = V (0° + (—0.05) = 0.05 m = 50 mm 


Ans: 

@, = 8.16 rad/s 

x = —0.05 cos (8.16f) 
C = 50 mm 
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22-10. 


The uniform rod of mass m is supported by a pin at A anda 
spring at B. If B is given a small sideward displacement and 
released, determine the natural period of vibration. 


SOLUTION 


1 
Equation of Motion. The mass moment of inertia of the rod about A is I, = 3 mL. 
Referring to the FBD. of the rod, Fig. a, 


G+EM, = La; -mg( Z sin 0) — (kx cos 0)(L) = (mt? Je 


However; x = L sin @.Then 


—mgL 


1 
2 sin 0 — kI? sin 0 cos 0 = z"La 


Using the trigonometry identity sin 20 = 2 sin 0 cos 0, 


—meL KP 1 
2 sin 0 5) sin 20 = gina 


2 


Here since 0 is small sin@ ~ 0 and sin2@ = 26. Also a = 6. Then the above 
equation becomes 


1 i mgL 
LO 4 Ki?) =0 
a 0 ( 7 0 


.. 3mg + 6kL 
0 + — 
2mL 


3mg + 6kL 


C ing to that of the Standard form, w, = 
omparing to ato e andar orm, w al 


2mL 
3mg + 6kL 


2T 
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22-11. 


While standing in an elevator, the man holds a pendulum 
which consists of an 18-in. cord and a 0.5-lb bob. If the elevator 
is descending with an acceleration a = 4 ft/s’, determine the 
natural period of vibration for small amplitudes of swing. 


SOLUTION 


Since the acceleration of the pendulum is (32.2 — 4) = 28.2 ft/s? 


Using the result of Example 22-1, 


On 2 one 4.336 rad/s 
i V 18/12 


We have 


Qa 2m 
= aaag 
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*22-12. 


Determine the natural period of vibration of the uniform 
bar of mass m when it is displaced downward slightly and 
released. 


SOLUTION 
1 
Equation of Motion. The mass moment of inertia of the bar about O is Jy = pint: 


Referring to the FBD of the rod, Fig. a, 


L 1 
G+2M) = ha; —ky cos (5) = (fmt? )a 


E 
However, y = > sin 6. Then 


L L 1 
-(£ sin 0) cos 0 (=) = —mLa 


Using the trigonometry identity sin 20 = 2 sin 6 cos 0, we obtain 


2 


sin 20 = 0 
Here since 0 is small, sin 20 ~ 20. Also, a = 6 . Then the above equation becomes 


1 - 
V6 4 
p” 0 


n 3k 
ö +9 =0 
m 


[3k 
Comparing to that of the Standard form, w, = ./—. Then 
m 


2T m 
= = Bah 
J On TN 3k 
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22-13. 


The body of arbitrary shape has a mass m, mass center at G, 
and a radius of gyration about G of kg. If it is displaced a 
slight amount 6 from its equilibrium position and released, 
determine the natural period of vibration. 


SOLUTION 


Ç +2Mo =Ioa; — —mgd sin 6 = |mk} + md?|6 
i gd x 
0 + pir =0 


However, for small rotation sin 0~0. Hence 


pa gi 
kht 


| d 
From the above differential equation, w, = — 
kg +d 
[kz + @ 
= 217 g 
gd 


# 
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22-14. 


The 20-lb rectangular plate has a natural period of vibration 
7 =0.3s, as it oscillates around the axis of rod AB. 
Determine the torsional stiffness k, measured in Ib - ft/rad, 
of the rod. Neglect the mass of the rod. 


SOLUTION 
T = ko 


Sn UF BO ses 
SM, = La; —k0 (2 er 


0 + k(4.83)0 = 0 


2T 


Vk(4.83) 


k = 90.8 lb ft/rad 


= 0.3 


Ans: 
k = 90.8 lb + ft/rad 
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22-15. 


A platform, having an unknown mass, is supported by four 
springs, each having the same stiffness k. When nothing is 
on the platform, the period of vertical vibration is measured 
as 2.35 s; whereas if a 3-kg block is supported on the 
platform, the period of vertical vibration is 5.23 s. Determine 
the mass of a block placed on the (empty) platform which 
causes the platform to vibrate vertically with a period of 
5.62 s. What is the stiffness k of each of the springs? 


SOLUTION 


+} 2F, = ma, mrg — 4k(y + ys) = mty Where 4k y,, = mg 


4k 
y+—y=0 
T 


For empty platform mr = mp, where mp is the mass of the platform. 


235 = 2m, | ZE 
2A EMAN A 


When 3-kg block is on the platform m, = mp + 3. 
sgam = 
ee TN ake 


When an unknown mass is on the platform m, = mp + mp. 


Mp + Mg 


5.62 =2 
E 4k 


Solving Eqs. (1) to (3) yields : 
= 1.36 N/m mpg = 3.58 kg 


mp = 0.7589 kg 
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Ans: 
k = 1.36 N/m 
mpg = 3.58 kg 
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*22-16. 


A block of mass m is suspended from two springs having a 
stiffness of kı and k,, arranged a) parallel to each other, and 
b) as a series. Determine the equivalent stiffness of a single 
spring with the same oscillation characteristics and the 
period of oscillation for each case. 


SOLUTION 


(a) When the springs are arranged in parallel, the equivalent spring stiffness is 


ką = ky + ky Ans. 


The natural frequency of the system is 


[Keg [ky + ky 
On 7 = 
m m 


Thus, the period of oscillation of the system is 


2r Qa |) m 
T= = = 27 
On kı F kz ky + ky 
V m 


(b) When the springs are arranged in a series, the equivalent stiffness of the system 
can be determined by equating the stretch of both spring systems subjected to 
the same load F. 


F F F 


k k ka 


kıkz 


i= 
4 k+k, 


The natural frequency of the system is 


era) 
ky + ky 


m 


Thus, the period of oscillation of the system is 


> mk, + k2) 
ITN kik 
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22-17. 


The 15-kg block is suspended from two springs having a 
different stiffness and arranged a) parallel to each other, 
and b) as a series. If the natural periods of oscillation of the 
parallel system and series system are observed to be 0.5 s 
and 1.5 s, respectively, determine the spring stiffnesses k, 
and kp. 


SOLUTION 


The equivalent spring stiffness of the spring system arranged in parallel is 

keq) p = k, + k and the equivalent stiffness of the spring system arranged in a 
series can be determined by equating the stretch of the system to a single equivalent 
spring when they are subjected to the same load. 


Thus the natural frequencies of the parallel and series spring system are 


(Keq)p kı F ka 
(@n)P =‘ m Z 15 


Thus, the natural periods of oscillation are 


Qa |} 15 
= =2 = 0.5 
- (@,)p ý ki + k 


27 15(k, + ky) 
= = 2r =1.5 
(@n)s kık2 


TS 


Solving Eqs. (1) and (2), 


kı = 2067 N/m or 302 N/m 


ky = 302 N/m or 2067 N/m 
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Ans: 

k, = 2067 N/m 
ky = 302 N/m 
or vice versa 
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22-18. 


The uniform beam is supported at its ends by two springs 
A and B, each having the same stiffness k. When nothing is 
supported on the beam, it has a period of vertical vibration 
of 0.83 s. If a 50-kg mass is placed at its center, the period 
of vertical vibration is 1.52 s. Compute the stiffness of each 
spring and the mass of the beam. 


SOLUTION 


(20)? 


(0.83)? _ mg 


Qr? 2k 


(1.52)? mpg + 50 
(2r? 2k 


Eqs. (1) and (2) become 
mp = 0.03490k 
mp + 50 = 0.1170k 
mp = 21.2 kg 


k = 609 N/m 


Ans: 
mpg = 21.2 kg 
k = 609 N/m 
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22-19. 


The slender rod has a mass of 0.2 kg and is supported at O 
by a pin and at its end A by two springs, each having a 
stiffness k = 4N/m.The period of vibration of the rod can 
be set by fixing the 0.5-kg collar C to the rod at an 
appropriate location along its length. If the springs are 
originally unstretched when the rod is vertical, determine 
the position y of the collar so that the natural period of 
vibration becomes t = 1s. Neglect the size of the collar. 


SOLUTION 


Moment of inertia about O: 


1 
Io = 3 (0.2)(0.6)° H 0.5y* = 0.024 + 0.5y? 


Each spring force F, = kx = 4x. 
G+=Mo = Ioa;  —2(4x)(0.6 cos@) — 0.2(9.81)(0.3 siné) 
—0.5(9.81)(y sin@) = (0.024 + 0.5y?) 6 
—4.8x cosd — (0.5886 + 4.905y) sind = (0.024 + 0.5y?)6 


However, for small displacement x = 0.60, sin ~ @ and cos@ = 1. Hence 
E 3.4686 + 4.905y 


"0.024 + 0.5y? 


3.4686 + 4.905y 
0.024 + 0.5%? ` 


From the above differential equation, p = 


[3.4686 + 4.905y 
0.024 + 0.5y? 


19.74y* — 4.905y — 2.5211 = 0 


y = 0.503 m = 503 mm 
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*22-20. 


A uniform board is supported on two wheels which rotate 
in opposite directions at a constant angular speed. If the 
coefficient of kinetic friction between the wheels and board 
is u, determine the frequency of vibration of the board if it 
is displaced slightly, a distance x from the midpoint between 
the wheels, and released. 


SOLUTION 


Freebody Diagram: When the board is being displaced x to the right, the restoring 
force is due to the unbalance friction force at A and B [A p> (Fy) al: 


Equation of Motion: 
G+ EM, = E(Ma)k; Ng (2d) — mg(d + x) = 0 


mg(d + x) 


Np = 
2 2d 


mg(d + x) 


. es : ; ; 
Kinematics: Since a = ae x, then substitute this value into Eq.(1), we have 


., US 
+x =0 
x Pie 


From Eq.(2), wn = me thus, w, = , P: Applying Eq. 22—4, we have 
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22-21. 


If the wire AB is subjected to a tension of 20 Ib, determine 
the equation which describes the motion when the 5-lb 
weight is displaced 2 in. horizontally and released from rest. 


SOLUTION 
L'=L 


“SF = ma; 


Xt- = 


Lm 
2T 
P=., = 4/73) = 655 rad/s 
Lm 6(337) 


A sin pt + B cos pt 


=ftat t= 0, Thus B = 2 = 0.167 


v = Apcos pt — B p sin pt 
v = Qatt = 0, Thus A = 0 
So that 


x = 0.167 cos 6.55t 


Ans: 
x = 0.167 cos 6.55t 
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22-22. 


The bar has a length / and mass m. It is supported at its ends 
by rollers of negligible mass. If it is given a small displacement 
and released, determine the natural frequency of vibration. 


SOLUTION 


Moment of inertia about point O: 


3g(4R? — PY 
0 i 7 7 — 
6R — 1 


3¢(4R? — P} 


From the above differential equation, w,, = RÉ F 


Ans: 


[384R — P)? 
Wn = 
Rer 
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22-23. 


The 20-kg disk, is pinned at its mass center O and supports 
the 4-kg block A. If the belt which passes over the disk is 
not allowed to slip at its contacting surface, determine the 
natural period of vibration of the system. 


SOLUTION 


Equation of Motion. The mass moment of inertia of the disk about its mass 


al il 
center O is lh = zm = 3 (20)(0.3") = 0.9kg:m’. When the disk undergoes a 


small angular displacement 0, the spring stretches further by s = rð = 0.30. Thus, 
the total stretch is y = yy + 0.30. Then Fp = ky = 200(y,, + 0.30). Referring to 
the FBD and kinetic diagram of the system, Fig. a, 


Ç+ Mo = S(uy)o; 4(9.81)(0.3) — 200(y,, + 0.30)(0.3) = 0.90a + 4[a(0.3)](0.3) 


11.772 — 60y,, — 180 = 1.26a (1) 
When the system is in equilibrium, 0 = 0°. Then 


Ç+5M, = 0; 4(9.81)(0.3) — 200(y,,)(0.3) = 0 


60y., = 11.772 
Substitute this result into Eq. (1), we obtain 
—186 = 1.26a 
a + 14.28570 = 0 AGBIIN 
Since a = 6, the above equation becomes 
§ + 14.28570 = 0 
Comparing to that of standard form, w, = V/14.2857 = 3.7796 rad /s. 


2r 2r 
T = 37706 > 1.6623 s = 1.66s 
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> k = 200 N/m 


Må =4f AC-2)] 
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*22-24, 


The 10-kg disk is pin connected at its mass center. Determine 

the natural period of vibration of the disk if the springs have : aA 
sufficient tension in them to prevent the cord from slipping k = 80 N/m 
on the disk as it oscillates. Hint: Assume that the initial 

stretch in each spring is do. 


k = 80 N/m 
AINE 


SOLUTION 


Equation of Motion. The mass moment of inertia of the disk about its mass center O 
is b = imr = Z00018) = 0.1125 kg- m°. When the disk undergoes a small 
angular displacement 0, the top spring stretches further but the stretch of the spring 
is being reduced both by s = r0 = 0.150. Thus, (Fp) = Kx, = 80(8) — 0.150) and 


(Fip)» = 80(59 — 0.150). Referring to the FBD of the disk, Fig. a, 
ÇG+5M = Ina; — —80(8p + 0.15)(0.15) + 80(8) — 0.150)(0.15) = 0.1125a 


—3.600 = 0.1125a 
a + 320=0 
Since a = 6, this equation becomes 
6 + 320=0 
Comparing to that of standard form, w, = 32 rad /s. Then 
_2n _ 2m 


ra= oat 
On V32 


= 1.1107 s = 1.11 s 


OG8DN 
Fp) 80( dp +010) 


» Fy), = 80( bo 018) 
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22-25. 


If the disk in Prob. 22-24 has a mass of 10 kg, determine the 
natural frequency of vibration. Hint: Assume that the initial ANI 
stretch in each spring is ôo. k = 80 N/m 


k = 80 N/m 
AINE 


SOLUTION 
Equation of Motion. The mass moment of inertia of the disk about its mass center O 
is h = xm? = 5(10)(0.152) = 0.1125 kg-m’ when the disk undergoes a small 
angular displacement 0, the top spring stretches but the bottom spring compresses, 
both by s = r0 = 0.156. Thus, (Fp) = (Fp)p = ks = 80(0.156) = 120. Referring to 
the FBD of the disk, Fig. a, 
G+ 3M = ha; —126(0.3) = 0.1125a 

—3.600 = 0.1125a 


[0(61)N 


a + 320 = 0 
Since a = 6, this equation becomes 
6 + 320=0 
Comparing to that of Standard form, w, = V32 rad /s. Then 


n 32 
poia v2 0.9003 Hz = 0.900 Hz 


On 2r 


Ans: 
f = 0.900 Hz 
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22-26. 


A flywheel of mass m, which has a radius of gyration about 
its center of mass of ko, is suspended from a circular shaft 
that has a torsional resistance of M = C9. If the flywheel 
is given a small angular displacement of 6 and released, 
determine the natural period of oscillation. 


SOLUTION 


Equation of Motion: The mass moment of inertia of the wheel about point O is 
Io = mko’. Referring to Fig. a, 


G+ =Mo = Ioa; -C60 = mko’6 


Comparing this equation to the standard equation, the natural circular frequency of 
the wheel is 


ao: 1 /C 
o, = = 
í mko? ko m 


Thus, the natural period of the oscillation is 


2 | 
T= 7 = 27ko ies 
On C 
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22-27. 


The 6-lb weight is attached to the rods of negligible mass. k=5 lb/ft 
Determine the natural frequency of vibration of the weight 
when it is displaced slightly from the equilibrium position 
and released. 


SOLUTION 


To is the equilibrium force. 


Thus, for small 6, 


C+IMo = Ioa;  6(3) — [9 + 5(2)6](2) = Eao 


Thus, 


6 + 11.9260 = 0 


w, = V 11.926 = 3.45 rad/s 


Ans: 
@, = 3.45 rad/s 
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*22-28. 


The platform AB when empty has a mass of 400 kg, center 
of mass at G4, and natural period of oscillation 7; = 2.38 s. 
If a car, having a mass of 1.2 Mg and center of mass at G}, is 
placed on the platform, the natural period of oscillation 
becomes 77 = 3.16 s. Determine the moment of inertia of 
the car about an axis passing through G3. 


SOLUTION 


Free-body Diagram: When an object arbitrary shape having a mass 7 is pinned at O 
and being displaced by an angular displacement of 0, the tangential component of its 
weight will create the restoring moment about point O. 


Equation of Motion: Sum moment about point O to eliminate O, and O,. 
G+=Mo = Toa: —mg sin 6(1) a Ioa (1) 


2 
Kinematics: Since a = aa = 6 and sin@ = 9 if 0 is small, then substituting these 


values into Eq. (1), we have 


—mglé = Io 


mgl mgl 
From Eq. (2), œ = T thus, @, = 4 T Applying Eq. 22-12, we have 
o o 


QT 
T= = 27 (3) 


On 


When the platform is empty, 7 = 7, = 2.38s, m = 400kg and / = 2.50 m. 
Substituting these values into Eq. (3), we have 


238 =2 Qo), Io), = 1407.55 kg * m? 
i TA 4000.82.50) 2) or 


When the car is on the platform, 7 = 7, = 3.16 s,m = 400 kg + 1200 kg = 1600 kg. 
j= 2.50(400) + 1.83(1200) 


1600 =1.9975m and Ig = Uo)c + Uo)p = Uodc + 
1407.55. Substituting these values into Eq. (3), we have 


3.16 = 2 ‘ Cae TN 29 er 55 = 6590.16 ga 
TV 7600(9.81)(1.9975) OC ee 


Thus, the mass moment inertia of the car about its mass center is 


Ue)c = Uo)e — mca? 


= 6522.76 — 1200(1.837) = 2.50(10%) kg - m? 
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Ans: 
(Ic)c = 2.50(10°) kg - m? 
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22-29. 


The plate of mass m is supported by three symmetrically 
placed cords of length / as shown. If the plate is given a 
slight rotation about a vertical axis through its center and 
released, determine the natural period of oscillation. 


SOLUTION 


1 
XM, = lœ  —3(T sin ọ)R = ano 


sin $ = ġ 


6+ 
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22-30. 


Determine the differential equation of motion of the 3-kg block E _ 
when it is displaced slightly and released. The surface is smooth k = 500 N/m | k = 500 N/m 


and the springs are originally unstretched. NAVAYAYAVAYATAY| 3k MAA 


SOLUTION 


T + V = const. 


To 
78) 


1 2, 1 2 
— + pay 
z(500)x 7 (500).x 


T +V = 15x? + 500x? 
1.5(2i) ¥ + 1000xi = 0 
3% + 1000x = 0 


x + 333x = 0 


Ans: 
X + 333x = 0 


1219 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


22-31. 


Determine the natural period of vibration of the pendulum. 
Consider the two rods to be slender, each having a weight 
of 8 lb/ft. 


SOLUTION 
— _ 1(8)(2) + 2(8)(2) 
8(2) + 8(2) 


= 15 ft 


1 


0 = z EDO +20 


+ pal HOW’ + 218)(2) | = 2.8157 slug - ft? 


h = y (1 — cos 0) 


T + V = const 


i . 
pan (2.8157)(0)} = 1.4079 67 


V = 8(4)(1.5)(1 — cos 6) = 48(1 — cos 0) 
T + V = 1.40796? + 48(1 — cos 6) 
1.4079 (20) + 48(sin 0)ð = 0 

For small 0, sin 0 = 0, then 


6 + 17.0470 = 0 
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*22-32. 


Determine the natural period of vibration of the 10-lb 
semicircular disk. 


SOLUTION 


Datum at initial level of center of gravity of disk. 


A = r(1 — cos @) 


E=T+V 


1 r 
= slic(#)” + Wr(1 — cos 0) 


E = 0(I;c6 + WF sin 0) = 0 


For small 6, sin 0 = 8 


10 10 
0.5 = Iç +4 0.212)? 
32.2) ) GC" 32.2 ( ) 


Ig = 0.02483 slug: ft? 

lic = Ig oP m(r ia ry 
= 0.02483 + i 5 — 0.212) 
B 32.27 i 


= 0.05056 slug - ft? 


> f 0.05056 
= 2r. 


10(0.212) 


Tt = 0.970 s 


Ans: 
t = 0.970s 
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22-33. 


If the 20-kg wheel is displaced a small amount and released, 
determine the natural period of vibration. The radius of 
gyration of the wheel is kg = 0.36m. The wheel rolls 
without slipping. 


SOLUTION 


Energy Equation. The mass moment of inertia of the wheel about its mass center 
is Ig = mkg = 20(0.361)? = 2.592 kg: m’. Since the wheel rolls without slipping, 
VG = or = (0.5). Thus, 


1 1 
T z Go SIP 70 


= Z05020? + 520)[0(05)P 


= 3.796 w = 3.7960? 


When the disk undergoes a small angular displacement 0, the spring stretches 
s = 0(1) = 0, Fig. a. Thus, the elastic potential energy is 


1 if 
V, = aks = z (500)6° = 25007 


Thus, the total energy is 
E = T + V = 3.7966? + 25007 
Time Derivative. Taking the time derivative of the above equation, 
7.59206 + 50000 = 0 
6(7.5920 + 5000) = 0 
Since Ô # 0, then 
7.5926 + 5000 = 0 
6 + 65.85880 = 0 
Comparing to that of standard form, w, = 65.8588 = 8.1153 rad /s. Thus, 


27 2r 
= T = 31153 7 0.7742 s = 0.774 s 


T 


S 


oe ee ee A A A 
(3 ym “UYAYTA 


AIN 


i 
LA 


Ans: 
T = 0.7748 
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22-34. 


Determine the differential equation of motion of the 3-kg k = 400 N/m 
spool. Assume that it does not slip at the surface WA 

of contact as it oscillates. The radius of gyration of the spool 

about its center of mass is kg = 125 mm. 


SOLUTION 


0.3 
Kinematics: Since no slipping occurs, sg = 0.10 hence sp = 01D? = 0.30. Also, 


UG = 0.10. 


E=T+V 
E 313)(0.125) + 3(3)(0.10) + 5(400)(0.30y" = const. 


0.038440? + 1862 
0.076875060 + 3600 = 0 
0.0768756(6 + 468.290) = 0 Since 0.0768756 # 0 


6 + 4680 = 0 


Ans: 
@ + 4680 = 0 
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22-35. 


Determine the natural period of vibration of the 3-kg 
sphere. Neglect the mass of the rod and the size of 
the sphere. 


SOLUTION 
E=T+V 


3(3)(0:30) + 3(500)(6, + 0.30)? — 3(9.81)(0.30) 


E = 0[(3(0.3)°6 + 500(8,, + 0.30)(0.3) — 3(9.81)(0.3)] = 0 i Datum 
0.30 
By statics, 
3(9.81) N 
T(0.3) = 3(9.81)(0.3) 
T = 3(9.81) N 


_ 309.81) 
st 500 


3(0.3)°6 + 500(0.3)70 = 0 
6 + 166.670 = 0 
@, = V 166.67 = 12.91 rad/s 


Qa 2m 
Toa pa s 


Ans: 
T = 0.487 s 
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*22-36. 


If the lower end of the 6-kg slender rod is displaced a small 
amount and released from rest, determine the natural 
frequency of vibration. Each spring has a stiffness of 
k = 200 N/m and is unstretched when the rod is hanging 
vertically. 


SOLUTION 


Energy Equation. The mass moment of inertia of the rod about O is 


1 1 
h= zrl? = 3(6)(4") = 32kg-m’. Thus, the Kinetic energy is 


1 Woo l 
T= sho = 5(32)0° = 1667 


with reference to the datum set in Fig. a, the gravitational potential energy is 
V, = mgy = 6(9.81)(—2 cos 0) = —117.72 cos 0 


When the rod undergoes a small angular displacement 0 the spring deform 
x = 2 sin Q. Thus the elastic potential energy is 


if 1 
V, = 5) = 2|$(200)(2 sin | = 800 sin? 0 


Thus, the total energy is 


E = T + V = 166° + 800 sin? 0 — 117.72 cos 0 
Time Derivative. Taking the first time derivative of the above equation 

3260 + 1600(sin 0 cos 0) + 117.72(sin 0)6 = 0 
Using the trigonometry identity sin 20 = 2 sin 6 cos 0, we obtain 


3200 + 800(sin 20) + 117.72(sin 0) = 0 


6(326 + 800 sin 20 + 117.72 sin 0) = 0 
Since 6 ¥ 0, 
320 + 800 sin 20 + 117.72 sin 6) = 0 
Since @ is small, sin 20 = 20 and sin 0 = 6. The above equation becomes 
326 + 1717.720 = 0 
Ø + 53.678750 = 0 
Comparing to that of standard form, w, = V/53.67875 = 7.3266 rad /s. 
Thus, 


n _ 73266 
foe == = 11661 Hz = 117 Hz 
2T 2T 


1225 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


22-37. 


The disk has a weight of 30 Ib and rolls without slipping on 
the horizontal surface as it oscillates about its equilibrium 
position. If the disk is displaced, by rolling it counterclockwise 
0.2 rad, determine the equation which describes its 
oscillatory motion and the natural period when it is released. 


k = 80 lb/ft 


SOLUTION 


Energy Equation. The mass moment of inertia of the disk about its center of gravity 
1 1/ 30 

is Ig = nr = (2 Jos) = 0.11646 slug: ft”. Since the disk rolls without 

slipping, vg = wr = w(0.5). Thus 


1 2 1 2 
T= zlow F g "UG 


1 & hf 30 7 
=(0. +={—— f 
z 1146) w 5 ooo 5)] 
0.17469 a = 0.174696? 


When the disk undergoes a small angular displacement @ the spring stretches 
s = Or = 0(0.5), Fig. a. Thus, the elastic potential energy is 


1 1 
V, = aks = 3 (80)[0(0.5)]? = 1007 


Thus, the total energy is 
E = T + V = 0.174696 + 1067 
E = 0.1756? + 100° 
Time Derivative. Taking the time derivative of the above equation, 


0.3493860 + 2000 = 0 


6(0.349380 + 200) = 0 
Since 6 # 0, then 
0.349380 + 200 = 0 
0 + 57.2440 = 0 
6 = 57.20 =0 
Comparing to that of standard form, 
@n = V57.2444 = 7.5660 rad/s. 
Thus 


2r Qa 
T= as = 75660 ~ 0.8304 s = 0.830 s 


Ans: 
E = 0.1756? + 106? 
T = 0.830 s 
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22-38. 


The machine has a mass m and is uniformly supported by 
four springs, each having a stiffness k. Determine the natural 
period of vertical vibration. 


SOLUTION 


T + V = const. 


1 
T = 3m} 


V=mgyt 5 aas -= y’ 


ia 1 
T+V =3 mY tmgy+ 5 (4k)(As = yy? 


myy+mgy— 4k(As — y)y = 0 


+ 4ky — 4kAs = 0 


Since Ax = E 
ince AS = Ak 


Then 


my + 4ky = 0 
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22-39. 


The slender rod has a weight of 4 lb/ft. If it is supported in 
the horizontal plane by a ball-and-socket joint at A and a 
cable at B, determine the natural frequency of vibration 
when the end B is given a small horizontal displacement 
and then released. 


B 
SOLUTION st _| 


= 1.56 max 
~ 0.75 


A = 0.75(1 — cos ¢) 


G 0.45 Bmax 
= 0.75(1 A inox an 


= 0.15 Omox 


40x 


sw 


) 


1 
AG = 34 = 0.750 ax 


1 
_ 2 
T nis ~ gla Omax 


_ 1 1401.5) EE 
= 2 [5( 32.2 )(1.5) Jon Omai 


= 0.0699 w, Prax 
V nax = WAg = 4(1.5)(0.756> ax) 
Tonos = Vmax 
0.06990, Prax = 4.5 Oax 
w,” = 64.40 
wn = 8.025 rad/s 


@, — 8.025 
= = = 128H 
f 21 21 £ 
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*22-40. 


If the slender rod has a weight of 5 Ib, determine the natural k = 4 lb/ft 
frequency of vibration. The springs are originally pe 

1 ft 
} A 
the compression of the spring at its ends can be approximated as x, = 20 and 


unstretched. 
SOLUTION 
x, = 10. Thus, the elastic potential energy when the rod is at this position is 


Energy Equation: When the rod is being displaced a small angular displacement of 0, 


1 1 1 1 
V, = 5 ky x} 4 5 ky x2 = z © + z ©0007 = 126°. The datum is set at the 


k=5 lb/ft 
rod’s mass center when the rod is at its original position. When the rod undergoes a 


small angular displacement 0, its mass center is 0.5(1 — cos@) ft above the datum 


hence its gravitational potential energy is V, = 5[0.5(1 — cos @)]. Since @ is small, 


cos can be approximated by the first two terms of the power series, that is, 


o o 
cos @ = 1 — -z Thus, V, = asfi (: 5) = 1.250? 


V = V, + V, = 12@ + 1.256 = 13.256? 


The mass moment inertia of the rod about point O is Io = 


5 
+ =~ (0.57) = 0. fe. ineti i 
322 (0 5 ) 0.1553 slug - ft“. The kinetic energy is 


1 1 ; ; 
T =>5lo o = 5 (0.1553) 6” = 0.077646" 


The total energy of the system is 


U =T + V = 0.077640? + 13.2567 


Time Derivative: Taking the time derivative of Eq.[1], we have 
0.155300 + 26.500 = 0 
6(0.15536 + 26.50) = 0 
Since 6# 0, then 
0.15536 + 26.50 = 0 


6 + 170.660 = 0 


From Eq.[2], p? = 170.66, thus, p = 13.06 rad/s. Applying Eq.22-14, we have 


P 1306 gears 


Qa 2r 
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22-41. 


If the block-and-spring model is subjected to the periodic Equilibrium 

force F = Fy cos wt, show that the differential equation of position 

motion is x + (k/m)x = (Fo/m)coswt, where x is ete 

measured from the equilibrium position of the block. What 

is the general solution of this equation? F = F, cos wt 


SOLUTION 
5 XF, = ma; Fo cos wt — kx = mx 


ee < Fo 
x + —x = — cos wt 
m m 


F k 
X+ px = — COS ot Where p = = 


The general solution of the above differential equation is of the form of 
X = Xe + Xp. 


The complementary solution: 
x, = Asin pt + B cos pt 
The particular solution: 


Sp = .C cos wt 


P 


Xp = —Cw’ cos w t 


Substitute Eqs. (2) and (3) into (1) yields: 


Fo 
—Cw’ cos wt + p° (C cos wt) = — cos wt 
m 


m Fok 


2 2 2 
P =g w 
(5) 


The general solution is therefore 


C= 


. Fo/k 
s = Asin pt + B cos pt + —— ~ cos wt 


E. 


The constants A and B can be found from the initial conditions. 


Ans: 
, N F/k 
x = Asin w,t + B cos w,t + ——~——, cos wt 
l= (@/@n) 
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22-42. 


A block which has a mass m is suspended from a spring 
having a stiffness k. If an impressed downward vertical force 
F = Fo acts on the weight, determine the equation which 
describes the position of the block as a function of time. 


SOLUTION 
+ 73R = ma; ky + y) — mg- R= -my 


my + ky + kys — mg = Fy 


However, from equilbrium ky,, — mg = 0, therefore 


where w, = 


[1] 


The general solution of the above differential equation is of the form of y = ye + yp. 
Ye = A sin wyt + B cos wnt 

yp = C [2] 
yp = 0 [3] 
Substitute Eqs. [2] and [3] into [1] yields : 


F, 
0+wC=— C= 
m 


The general solution is therefore 
h 
y = Asin wt + Bcosa,t + m 


The constants A and B can be found from the initial conditions. 


Ans: 


: Fo 
y = Asin w,t + B cos ont +- 
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22-43. 


A 4-lb weight is attached to a spring having a stiffness 
k = 101b/ft. The weight is drawn downward a distance of 
4 in. and released from rest. If the support moves with a 
vertical displacement 6 = (0.5 sin 4t) in., where ¢ is in 
seconds, determine the equation which describes the 
position of the weight as a function of time. 


SOLUTION 


y = Asin wt + Bcosa,t + 


The initial condition when t = 0, y = yọ, and v = vw is 


y=0+B+0 B= y 


59 wo 


1- (2) 


vo = Awn 04 


5p wo x 
— —, ]siN@,t + yo COS w,t + 
20 


On 


k 10 
=,/—=,] = 8.972 
On Nim V 4/322 
8 


i 0.5/12 


>= > = 0.0520 


1-(2) 1- (sn) 
Up Bo _ (0.5/12)4 


2 2 
On wy, — % 8.972 — z$ 


0.0232 


y = (—0.0232 sin 8.97t + 0.333 cos 8.97t + 0.0520 sin 4t) ft 
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Ans: 
y = { —0.0232 sin 8.97t + 0.333 cos 8.97¢ + 0.0520 sin 4t} ft 
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*22-44, 


A 4-kg block is suspended from a spring that has a stiffness 
of k = 600 N/m. The block is drawn downward 50 mm from 
the equilibrium position and released from rest when t = 0. 
If the support moves with an impressed displacement of 
ô = (10 sin 4t) mm, where t is in seconds, determine the 
equation that describes the vertical motion of the block. 
Assume positive displacement is downward. 


SOLUTION 


Wy, = 4] 4 800 12.25 
m 4 


The general solution is defined by Eq. 22-23 with kô substituted for F. 


: ôo : 
y = Asin wat + B cos wt + | =~~ n | sin at 


3. 
Wn 
ô = (0.01 sin 4t)m, hence ô = 0.01, œw = 4, so that 
y = Asin 12.25t + B cos 12.25t + 0.0112 sin 4t 
y = 0.05 when t = 0 
0.05 = 0 + B+ 0; B = 0.05 m 
y = A(12.25) cos 12.25t — B(12.25) sin 12.25t + 0.0112(4) cos 4t 
v = y = Owhent = 0 


0 = A(12.25) — 0 + 0.0112(4); A= — 0.00366 m 


Expressing the result in mm, we have 


y = ( — 3.66 sin 12.25t + 50 cos 12.25¢ + 11.2 sin 4t) mm 


Ans: 
y = (3.66 sin 12.25t + 50 cos 12.25¢ + 11.2 sin 4t) mm 
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22-45. 


Use a block-and-spring model like that shown in Fig. 22-14a, 
but suspended from a vertical position and subjected to a 
periodic support displacement 6 = ôo sin wot, determine the 
equation of motion for the system, and obtain its general 
solution. Define the displacement y measured from the 
static equilibrium position of the block when t = 0. 


SOLUTION 


+1 SF, = ma; k(y — osin wot + ys) — mg = —my 


+ kys — mg = kô sin wot 
T = (ky — kd, sin ot +ky,, ) 


However, from equilibrium 
ky, — mg = 0, therefore yf 
. , k kôo k 


+ —y = —sinwt where w, = ,/— 
m m m 


3 kôp 
F Wy y = — sin wt Ans. (1) 
m 


The general solution of the above differential equation is of the form of y = y, + yp, 
where 
= Asin w,t + B cos w,t 
Yp = C sin wot 
Yp = —Cw/ sin wot 


Substitute Eqs. (2) and (3) into (1) yields: 


LC Fa 2 3 _ kôo š 
w sin wt + w, (C sin wot) = — sin wot 
m 


The general solution is therefore 


y = Asin wt + B cos wnt + 


The constants A and B can be found from the initial conditions. 


Ans: 


y=Asinw,t + B cos ow,t + 
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22-46. 


A 5-kg block is suspended from a spring having a stiffness 
of 300 N/m. If the block is acted upon by a vertical force 
F = (7sin 8t) N, where ¢ is in seconds, determine the 
equation which describes the motion of the block when it is 
pulled down 100 mm from the equilibrium position and 
released from rest att = 0. Assume that positive displacement 
is downward. 


SOLUTION 


The general solution is defined by: 
Fo 
k 


K 


y = Asin wt + B cos wt + 
1 — 


j SIN wot F=7sin 8 


Wn 
Since 


F = 7sin 8t, Fy =7N, @ = 8 rad/s, k = 300 N/m 


k 300 
On Vn ail 5 7.746 rad/s 


Thus, 


y = Asin 7.746t + B cos 7.746t 


y = 0.1m whent = 0, 

0.1=0+ B-0; B=01m 

y = A(7.746) cos 7.746t — B(7.746) sin 7.746t — (0.35)(8) cos 8t 
y = y = Owhent = 0, 

y = A(7.746) — 2.8 = 0; A = 0.361 

Expressing the results in mm, we have 


y = (361 sin 7.75t + 100 cos 7.75t — 350 sin 8t) mm 


Ans: 
y = (361 sin 7.75t + 100 cos 7.752) 
—350 sin 8t) mm 
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22-47. 


The uniform rod has a mass of m. If it is acted upon by a 
periodic force of F = Fosin wt, determine the amplitude of 
the steady-state vibration. 


SOLUTION 


Equation of Motion: When the rod rotates through a small angle 0, the springs 


L : ; ; 
compress and stretch s = r 440 = a Thus, the force in each spring is 


kL 


Fp = ks = z ° The mass moment of inertia of the rod about point A is 


sp 
1 
I, = gin’. Referring to the free-body diagram of the rod shown in Fig. a, 
L kL L 
+ 3M, = Ija; Fo sin wt cos 0(L) — mg sin (+) a cos (=) 


1 2 
= mL’6 


Since 0 is small, sin 6 = 0 and cos 6 = 1. Thus, this equation becomes 


1 1 
z MLO H z (ms + kL)0 = Fo sin ot 


3Fo . 
0 sin wt a) 
mL 


The particular solution of this differential equation is assumed to be in the form of 
6, = C sin wt (2) 

Taking the time derivative of Eq. (2) twice, 

6, = —Co’ sin wt 


Substituting Eqs. (2) and (3) into Eq. (1), 


3 k 3F 
—Co’ sin wt + 5 E + ec sin wt) = sit wt 


3Fo . 
sin wt = —— sin wt 
m 


ie 
xing + Lk) — mLa’ 
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k 
F= Fo sin wt 


Ans: 
ns 3K 


Ca 7 
5(mg + Lk) — mLw 
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*22-48. 


The 30-lb block is attached to two springs having a stiffness 
of 10 lb/ft. A periodic force F = (8 cos 3t) lb, where t is in 
seconds, is applied to the block. Determine the maximum 
speed of the block after frictional forces cause the free 
vibrations to dampen out. 


SOLUTION 


Free-body Diagram: When the block is being displaced by amount x to the right, the 
restoring force that develops in both springs is Fp = kx = 10x. 


Equation of Motion: 


5 >F, = 0; —2(10x) + 8 cos 3t = 


a 
32.2 


a + 21.47x = 8.587 cos 3t [1] 


. dx. oe . 
Kinematics: Since a no then substituting this value into Eq. [1], we have 


x + 21.47x = 8.587 cos 3t [2] 


Since the friction will eventually dampen out the free vibration, we are only 
interested in the particular solution of the above differential equation which is in the 
form of 


Xp = C cos 3t 


Taking second time derivative and substituting into Eq. [2], we have 
—9C cos 3t + 21.47C cos 3t = 8.587 cos 3t 


C = 0.6888 ft 


Xy 0.6888 cos 3t 


Taking the time derivative of Eq. [3], we have 


v 


a Xp = —2.0663 sin 3t 


(v,) mar = 2.07 ft/s 
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k = 10 lb/ft 


| F= 8 cos 3t 


Ans: 
(Vp)max = 2-07 ft/s 
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22-49, 


The light elastic rod supports a 4-kg sphere. When an 18-N 
vertical force is applied to the sphere, the rod deflects 
14 mm. If the wall oscillates with harmonic frequency of 
2 Hz and has an amplitude of 15 mm, determine the 
amplitude of vibration for the sphere. 


SOLUTION 


F 18 
k = —— =—* = 1285.71N 
Ay 0.014 m 


w = 2 Hz = 2(2r) = 12.57 rad/s 


5 = 0.015 m 


"a Jk — (1285.71 | 17.93 
m 4 


Using Eq. 22-22, the amplitude is 


50 
(Xp) max E 
1- (2 


(Xp)max = 0.0295 m = 29.5 mm 


Ans: 
(Xp)max = 29.5 mm 
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22-50. 


Find the differential equation for small oscillations in terms 
of 6 for the uniform rod of mass m. Also show that if 
c < Vmk/2, then the system remains underdamped. The 
rod is in a horizontal position when it is in equilibrium. 


SOLUTION 


Equation of Motion: When the rod is in equilibrium, 0 = 0°, F. = 
0 = 0. writing the moment equation of motion about point B by 
referring to the free-body diagram of the rod, Fig. a, 


+EM, = 0: F,(a) me() =0 


ZA n Me 
k 2k 
point B through a small angle 0, the spring stretches further by s4 = a0. Thus, the 


m 
force in the spring is F4 = k(sọ + s1) = ml è H w) Also, the velocity of end C 


Thus, the initial stretch of the spring is sg = . When the rod rotates about 


2k 


of the rod is ve = ye = 2a0. Thus, F. = cy, = c(2a0). The mass moment of inertia of 


1 2 
the rod about B is Iz = D m(3a) 4 n( 2) = ma’. Again, referring to Fig. a and 


writing the moment equation of motion about B, 


mg 


. a 
ÈMp = Iga; (z + a) cos O(a) + (2a0) cos 0(2a) — mg cos (4) 


. 4 e+ R 
6 + “cos 60 + — (cos 0)0 = 0 
m m 


Since 0 is small, cos 9 = 1. Thus, this equation becomes 


. de. E 
Gh pe 90 
m 


m 


Comparing this equation to that of the standard form, 


Ce = 2mw, = R = 2V mk 
m 


For the system to be underdamped, 


Ceg < Ce 


4c < 2V mk 
1 
c <3 Vik 
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ae 4c. k 
0+ —60+—0=0 
m m 
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22-51. 


The 40-kg block is attached to a spring having a stiffness of 
800 N/m. A force F = (100 cos 2t) N, where t is in seconds 
is applied to the block. Determine the maximum speed of 
the block for the steady-state vibration. 


SOLUTION 

For the steady-state vibration, the displacement is 
F/k 

© 1 = (o/o) 

Here Fy = 100N,k = 800 N/m, wọ = 2 rad/s and 


Wn a Rieu V20 rad/s. 
m 40 
Thus 


= 100/800 
E (2/20)? 
yp = 0.15625 cos 2t 


Yp cos wt 


cos 2t 


Taking the time derivative of this equation 
Vp = Yp = —0.3125 sin 2 


vp is maximum when sin 2t = 1. Thus 


(Vp)max = 0.3125 m/s 


1240 


| —k = 800 N/m 


F = (100 cos 2t) N 


Ans: 
(Up)max = 0.3125 m/s 
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*22-52. 


Use a block-and-spring model like that shown in 
Fig. 22-14a but suspended from a vertical position and 
subjected to a periodic support displacement of 
ô = õp COS wot, determine the equation of motion for the 
system, and obtain its general solution. Define the 
displacement y measured from the static equilibrium 
position of the block when t = 0. 


SOLUTION 


+LEF, = may, kôgcos wot + W — kô — ky = my 


T= 
Since W = kô, 


ma kK kôg 
y + —y = — COS wot 
m m 


yc = Asin wy + B cos w,y (General sol.) i ha 


yp = C cos wot (Particular sol.) 


Substitute y, into Eq. (1) 


2 k kôo 
C(-wy + —) cos wot = —— cos wot 
m m 


Thus, y = yc + yp 


y = Asin wt + B cos wnt + 


Ans: 


: m 
y = Asin wt + B cos wt + -———~ cos wot 
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22-53. 


The fan has a mass of 25 kg and is fixed to the end of a 
horizontal beam that has a negligible mass. The fan blade is 
mounted eccentrically on the shaft such that it is equivalent 
to an unbalanced 3.5-kg mass located 100 mm from the axis 
of rotation. If the static deflection of the beam is 50 mm as a 
result of the weight of the fan, determine the angular 
velocity of the fan blade at which resonance will occur. Hint: 
See the first part of Example 22.8. 


SOLUTION 


F  25(9.81) 
Ay 0.05 


w, = | Lz ae = 14.01 rad/s 
m 25 


Resonance occurs when 


k= = 4905 N/m 


w = w, = 14.0 rad/s 


Ans: 
w = 14.0 rad/s 
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22-54. 


In Prob. 22-53, determine the amplitude of steady-state 
vibration of the fan if its angular velocity is 10 rad/s. 


SOLUTION 


F  25(9.81) 
k i We 4905 N/m 


k 4905 
wn =| a | 75 14.01 rad/s 


The force caused by the unbalanced rotor is 


Fo = mr œ = 3.5(0.1)(10 = 35 N 


Using Eq. 22-22, the amplitude is 


Fo 


(Xp) max = 


(Xp)max 


(Xp)max = 


Ans: 
(%)max = 14.6 mm 
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22-55. 


What will be the amplitude of steady-state vibration of the 
fan in Prob. 22-53 if the angular velocity of the fan blade is 
18 rad/s? Hint: See the first part of Example 22.8. 


SOLUTION 


F _ 25(9.81) 
Ay 0.05 


k 4905 
w, = Nm =4/ 3 7 14.01 rad/s 


The force caused by the unbalanced rotor is 


k= 


= 4905 N/m 


Fo = mra? = 3.5(0.1)(18)? = 113.4N 


Using Eq. 22-22, the amplitude is 
Fo 


(Xp)max = 


(Xp) max = 


(Xp) max > 


Ans: 
(%))max = 35.5 mm 
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*22-56. 


The small block at A has a mass of 4 kg and is mounted on 
the bent rod having negligible mass. If the rotor at B causes 
a harmonic movement ôg = (0.1 cos 15t) m, where t is in 
seconds, determine the steady-state amplitude of vibration 
of the block. 


SOLUTION 


+5Mo = Ioa;  4(9.81)(0.6) — F, (1.2) = 4(0.6)°6 


F, = kx = 15(x + xy — 0.1 cos 15t) 


_ 4(9.81)(0.6) 
Xs 1215) 


—15(x — 0.1 cos 15¢)(1.2) = 4(0.6)?0 
x = 1.20 


0 + 150 = 1.25 cos 15t 


Set x, = C cos 15t 
—C(15)" cos 15t + 15(C cos 15t) = 1.25 cos 15t 


1.25 


15 — (15% = —0.00595 m 


Omax = C = 0.00595 rad 


Ymax = (0.6 m)(0.00595 rad) = 0.00357 rad 


Oy 


4(9.8!) N 
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Ans: 
Ymax = 0.00357 rad 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


22-57. 


The electric motor turns an eccentric flywheel which is 
equivalent to an unbalanced 0.25-lb weight located 10 in. 
from the axis of rotation. If the static deflection of the 
beam is 1 in. due to the weight of the motor, determine 
the angular velocity of the flywheel at which resonance 
will occur. The motor weights 150 lb. Neglect the mass of 
the beam. 


SOLUTION 


150 k 1800 
— = —— = 1800 lb/ft =, ==, = 19.66 
ô 1/12 / n =V m T V 150/322 ~ P 


Resonance occurs when w = w, = 19.7 rad/s 


Ans: 
w = 19.7 rad/s 
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22-58. 


What will be the amplitude of steady-state vibration of the 
motor in Prob. 22-57 if the angular velocity of the flywheel 
is 20 rad/s? 


SOLUTION 


The constant value F} of the periodic force is due to the centrifugal force of the 
unbalanced mass. 


LORS SIDS 3 
Fo = ma, = mra = 65) (3) (20)° = 2.588 Ib 


Hence F = 2.588 sin 20t 


oF = I t lb/ft, = (es g Jie 
5 1/12 m 150/32.2 


From Eq. 22-21, the amplitude of the steady state motion is 


2.588/1800 


i -( 20 ) 
19.657 


= 0.04085 ft = 0.490 in. 


Ans: 
C = 0.490 in. 
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22-59. 


Determine the angular velocity of the flywheel in Prob. 22-57 
which will produce an amplitude of vibration of 0.25 in. 


SOLUTION 


The constant value F) of the periodic force is due to the centrifugal force of the 
unbalanced mass. 


F 2 (3) (3) 2 = 0.006470%? 
o = Ma, = mro = 309 aie? w 


F = 0.006470? sin wt 


F 150 |k } 1800 
ar Say i 1800 lb/ft On = oo 150/322 = 19.657 


From Eq. 22.21, the amplitude of the steady-state motion is 


w? 
0.006470( aa) 


t= (iss) 
19.657 


= 19.0 rad/s 


Ans: 
w = 19.0 rad/s 
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*22-60. 


The 450-kg trailer is pulled with a constant speed over the 
surface of a bumpy road, which may be approximated by a 
cosine curve having an amplitude of 50 mm and wave length of 
4 m. If the two springs s which support the trailer each have a 
stiffness of 800 N/m, determine the speed v which will cause 
the greatest vibration (resonance) of the trailer. Neglect the 
weight of the wheels. 


SOLUTION 
The amplitude is 6) = 50 mm = 0.05 m 


The wave length is A = 4m 


k = 2(800) = 1600 N/m 


k 1600 
On = Nm =., 450 ~ 1.89 rad/s 


Lael 
Taon 189 77S 


T 


For maximum vibration of the trailer, resonance must occur, i.e., 
wo = Wy 
Thus, the trailer must travel A = 4 m, in 7 = 3.33 s, so that 


À 4 
Up= == —— = 120m 
3:33 


Ans: 
Vr = 1.20 m.s 
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22-61. 


Determine the amplitude of vibration of the trailer in 
Prob. 22-60 if the speed v = 15 km/h. 


SOLUTION 


15(1000) 


= 15 km/h = 
ü iy 3600 


m/s = 4.17 m/s 
ô = 0.05 m 


As shown in Prob. 22-50, the velocity is inversely proportional to the period. 


1 
Since — = f the the velocity is proportional of f, w, and wọ 
T 


Hence, the amplitude of motion is 


(Xp) max = 


— P > = 0.00453 m 
1 — G3) 


(Xp)max = 4.53 mm 


0.05 
(Xp) max = | 


Ans: 
(%)max = 4.53 mm 
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22-62. 


The motor of mass M is supported by a simply supported 
beam of negligible mass. If block A of mass m is clipped 
onto the rotor, which is turning at constant angular velocity 
of w, determine the amplitude of the steady-state vibration. 
Hint: When the beam is subjected to a concentrated force of 
P at its mid-span, it deflects 8 = PL*/48EI at this point. 
Here E is Young’s modulus of elasticity, a property of the 
material, and / is the moment of inertia of the beam’s cross- 
sectional area. 


SOLUTION 


P P _ 48EI 
ô PL3/48EI L ` 


In this case, P = k,,6. Then, keg = Thus, the natural 


frequency of the system is 


48EI 
[Keq L [48EI 
Wy = = = 
m M ML? 


Here, Fo = ma, = m(w*r). Thus, 


48EI/L? 


L= eeriaT? 
48E1/ML* 


mro L? 


Y= 273 
48EI — Mw L’ 


Ans: 
mro D? 
Y = — 
48EI — Mo D 
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22-63. 


The spring system is connected to a crosshead that oscillates 
vertically when the wheel rotates with a constant angular 
velocity of w. If the amplitude of the steady-state vibration 
is observed to be 400 mm, and the springs each have a 
stiffness of k = 2500 N/m, determine the two possible 
values of œw at which the wheel must rotate. The block has a 
mass of 50 kg. 


SOLUTION 


In this case, ke = 2k = 2(2500) = 5000 N/m Thus, the natural circular frequency 
of the system is 


[k [5000 
eq 
wn = 50 10 rad/s 


= 0.2 mand (Y p)max = £0.4 m, so that 


12.2 rad/s 


7.07 rad/s 


Ans: 
w = 12.2 rad/s 
w = 7.07 rad/s 
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*22-64. 


The spring system is connected to a crosshead that oscillates 
vertically when the wheel rotates with a constant angular 
velocity of w = 5 rad/s. If the amplitude of the steady-state 
vibration is observed to be 400 mm, determine the two 
possible values of the stiffness k of the springs. The block 


has a mass of 50 kg. 


SOLUTION 


In this case, keq = 2k Thus, the natural circular frequency of the system is 


ke 
wei eS 2 3p gap 
m 50 


Here, ôo = 0.2 m and (Y p) max = 


+0.4 m, so that 


k = 417N/m 


k = 1250 N/m 
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Ans: 
k=417N/m 
k = 1250 N/m 
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22-65. 


A 7-lb block is suspended from a spring having a stiffness of 
k = 75 lb/ft. The support to which the spring is attached is 
given simple harmonic motion which may be expressed as 
ô = (0.15 sin 2r) ft, where t is in seconds. If the damping 
factor is c/c, = 0.8, determine the phase angle ¢ of forced 


vibration. 
[k l 5 
On = = = 18.57 
m 7 
(5) 


= 0.15 sin 2t 


SOLUTION 


= 0.15,w = 2 
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22-66. 


Determine the magnification factor of the block, spring, and 
dashpot combination in Prob. 22-65. 


SOLUTION 


Wn a E 13 18.57 
m d 
32.2 


ô = 0.15 sin 2t 


5) = 0.15, w=2 


MF = 0.997 


Ans: 
MF = 0.997 


1255 


© 2016 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


22-67. 


A block having a mass of 7 kg is suspended from a spring 
that has a stiffness k = 600 N/m. If the block is given an 
upward velocity of 0.6 m/s from its equilibrium position at 
t = 0, determine its position as a function of time. Assume 
that positive displacement of the block is downward and 
that motion takes place in a medium which furnishes a 
damping force F = (50|v|) N, where v is in m/s. 


SOLUTION 


c= 50N s/m k=600N/m m=7kg 


wn = 4) k 4 en 9.258 rad/s 
m 7 


Co = 2mo, = 2(7)(9.258) = 129.6 N- s/m 


Since c < c, the system is underdamped, 


2 50 2 
oi = @,4/1- (<) = 9.258 , |1 — (=) = 8.542 rad/s 
ce 129.6 


c 50 
—— = = 3.71 
2m 2(7) 


From Eq. 22-32 


y=D e) sin (wat + Q) 


D| e) Wy cos (wyt + p) + (- 5) et) sin (wat + Q) 


v= Dein)! loa cos (wat + $) — 5, sin (wat + ¢)| 


Applying the initial condition at t = 0, y = 0 and v = —0.6 m/s. 
0 = Die °sin (0 + ¢)| since D#0 
sind = 0 ġ = 0° 
—0.6 = De~° [8.542 cos 0° — 0] 
D = —0.0702 m 


y = [-0.0702e7 3°” sin (8.540)] m 


Ans: 
y = {-0.0702e3° sin (8.540)} m 
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*22-68. 


The 200-lb electric motor is fastened to the midpoint of the 
simply supported beam. It is found that the beam deflects 
2 in. when the motor is not running. The motor turns an 
eccentric flywheel which is equivalent to an unbalanced 
weight of 1 lb located 5 in. from the axis of rotation. If the 
motor is turning at 100 rpm, determine the amplitude of 
steady-state vibration. The damping factor is c/c, = 0.20. 
Neglect the mass of the beam. 


SOLUTION 


Ee 0.167 ft 
2 


2) = 10.47 rad/s 


200 
5 = 1200 lb/ft 


12 


ii 5 
= mro = ( )( )ao47) = 1.419 Ib 
32.2 /\12 


1200 
200 
32.2 


= 13.90 rad/s 


1.419 
1200 


Vle- (issa) | [ees] 
13.90 13.90 


= 0.00224 ft 


C’ = 0.0269 in. 


Ans: 
C’ = 0.0269 in. 
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22-69. 


Two identical dashpots are arranged parallel to each other, 
as shown. Show that if the damping coefficient c < V mk, 
then the block of mass m will vibrate as an underdamped 
system. 


SOLUTION 


When the two dash pots are arranged in parallel, the piston of the dashpots have the 
same velocity. Thus, the force produced is 


F = cý + cý = 2cy 


The equivalent damping coefficient c,, of a single dashpot is 


For the vibration to occur (underdamped system), Ceg < Ce However, ce = 2ma, 


lk 
= 2m, | —. Thus, 
m 


Coq <E 


Ik 
2c < 2m, /— 
m 


c< Vmk 
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22-70. 


The damping factor, c/c., may be determined experimentally 
by measuring the successive amplitudes of vibrating motion 
of a system. If two of these maximum displacements can be 
approximated by x; and x2, as shown in Fig. 22-16, show that 
In x1/x2. = 2r(c/ce)/V1 — (c/ce). The quantity In x1/x2 


is called the logarithmic decrement. 


SOLUTION 
Using Eq. 22-32, 


x = Die)! sin (oat + ) 


The maximum displacement is 


Xmax = Den)" 


Att =t,andt =f 


Since wagt — waty = 27 


2a 
then bh = ti = 
a 


X1 
so that In | — 
X2 


Using Eq. 22-33, ce = 2mo 
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22-71. 


If the amplitude of the 50-lb cylinder’s steady-state vibration 
is 6 in., determine the wheel’s angular velocity w. 


k = 200 lb/ft 


SOLUTION 


6 
In this case, Y = B = 0.5 ft, 69 = 3 = 0.75 ft, and kg = 2k = 2(200) = 400 lb/ft. 


Then 
k 400 
eq 
= = = 16.05 rad 
on Nim ~ V (50/32.2) mays 


50 
c, = 2me, = (5 uso = 49.84 lb- s/ft 


eL 25 Z oso6 
c. 49.84 


0.75 
q o \ F (20.50100? 
1 16.05 l 16.05 


15.07(1076)wt — 3.858(1077)w? — 1.25 = 0 


0.5 = 


Solving for the positive root of this equation, 
w = 443.16 


w = 21.1 rad/s 
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k = 200 Ib /ft 


Ans: 
w = 21.1 rad/s 
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*22-72. 


The block, having a weight of 12 Ib, is immersed in a liquid 
such that the damping force acting on the block has a 
magnitude of F = (0.7|v|) lb, where v is in ft/s. If the block 
is pulled down 0.62 ft and released from rest, determine the 
position of the block as a function of time. The spring has a 
stiffness of k = 53 lb/ft. Assume that positive displacement 
is downward. 


SOLUTION 


12 
c=O0.7lb:s/ft k= 53lb/ft m= =~ = 0.3727 slug 


32.2 
wn = 4/ La a) Le 11.925 rad/s 
m 0.3727 


Co = 2mo, = 2(0.3727)(11.925) = 8.889 Ib - s/ft 


Since c < c, the system is underdamped. 


c\? 0.7 V 
wd = op] 1 = 11.925,/1 — | —— ] = 11.888 rad/s 
Ce 8.889 
0.7 


È a 
2m  2(0.3727) 


= 0.9392 


From Eq. 22-32 y = plets} sin (wgt + | 


v=ye D| etlo cos (wat + $) + (Set sin (wat + | 


c 


Det} wu cos (wat + $) — 7 sin (waqt + | 


Appling the initial condition at t = 0, y = 0.62 ft and v = 0. 
0.62 = Die sin (0 + ¢)] 
D sin ġ = 0.62 
0 = De™?|11.888 cos (0 + $) — 0.9392 sin (0 + ¢)] since D # 0 
11.888 cos  — 0.9392 sin 0 = 0 
Solving Eqs. (1) and (2) yields: 
o = 85.5° = 1.49 rad D = 0.622 ft 


y = 0.622[e®”% sin (11.9t + 1.49)] 


Ans: 
y = 0.622 [e 7% sin (11.9t + 1.49)] 
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22-73. 


The bar has a weight of 6 lb. If the stiffness of the spring is 
k = 81b/ft and the dashpot has a damping coefficient 
c = 60 lb-s/ft, determine the differential equation which 
describes the motion in terms of the angle 6 of the bar’s 
rotation. Also, what should be the damping coefficient of the 
dashpot if the bar is to be critically damped? 


SOLUTION 


G+EMy,=Iaa% — 6(2.5) = (6092)(3) = 8(y1 + yu)(5) = Et 


He 
56 ) f 
1.55286 + 180). + 40y; + 40y, — 15 = 0 [1] 41 


From equilibrium 40y,, — 15 = 0. Also, for small 0, y; = 50 and y, = 30 hence 
J2 = 30. 


From Eq. [1] 1.55280 + 180(3@) + 40(50) = 0 


1.556 + 5400 + 2000 = 0 


By comparing the above differential equation to Eq. 22-27 


| 200 
m = 1.55 k = 200 = 4155” 11.35 rad/s c= chp 


Ans; 
1.556 + 5408 + 2000 = 0 
(Cape = 3.92 lb- s/ft 
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22-74. 


A bullet of mass m has a velocity of vg just before it strikes 
the target of mass M. If the bullet embeds in the target, and 
the vibration is to be critically damped, determine the 
dashpot’s critical damping coefficient, and the springs’ 
maximum compression. The target is free to move along the 
two horizontal guides that are “nested” in the springs. 


SOLUTION 


Since the springs are arranged in parallel, the equivalent stiffness of the single spring 
system is ke = 2k. Also, when the bullet becomes embedded in the target, 
mr = m + M.Thus, the natural frequency of the system is 


a] keq _ 2k 
ue mr m+M 
When the system is critically damped 
| 2k 
c = ce = 2mzo, = 2(m + M) M V8(m + M)k Ans. 
m 


The equation that describes the critically dampened system is 


x= (A + Bree" 
When t = 0, x = 0. Thus, 
A=0 
Then, 
x = Bte” 
Taking the time derivative, 
v= x = Be *'— Bo, tee" 
v = Be” (1 — wt) (2) 
Since linear momentum is conserved along the horizontal during the impact, then 


(4) mvo = (m + Mv 
e- (Ba 


Here, when t = 0,v = ( 


m ; 
TE ag) Thus Eq. (2) gives 


m 
B- (e 


And Eqs. (1) and (2) become 


v (elea — ont) 
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22-74. Continued 


The maximum compression of the spring occurs when the block stops. Thus, 
Eq. (4) gives 


Since (ym # 0, then 
m+ M 
1—o,t = 0 


m+ M 
2k 


t= 
On 


Substituting this result into Eq. (3) 


m NE 


m 1 
~ ome m m 


Ans: 


ce = V8(m + M)k 


ae 
A e \ 2k(m + M) vo 
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22-75. 


A bullet of mass m has a velocity vp just before it strikes the 
target of mass M. If the bullet embeds in the target, and the 
dashpot’s damping coefficient is 0 < c << ce, determine 
the springs’ maximum compression. The target is free to 
move along the two horizontal guides that are“nested” in 
the springs. 


SOLUTION 


Since the springs are arranged in parallel, the equivalent stiffness of the single spring 
system is ke = 2k. Also, when the bullet becomes embedded in the target, 
mr = m + M.Thus, the natural circular frequency of the system 


= [Keg | 2k 
On mr m+ M 


The equation that describes the underdamped system is 


x = Ce") sin (wat + $) 


When t = 0, x = 0. Thus, Eq. (1) gives 
0 = Csing 


Since C # 0, sind = 0.Then ¢ = 0. Thus, Eq. (1) becomes 


x = Ce) sin wgt 


Taking the time derivative of Eq. (2), 


5 n c = $ 
x = C| wge n cos wat — — e7 sin wat 
2mr 


c 
v= com wy cos wyt — =— sin os | (3) 
2mr 


Since linear momentum is conserved along the horizontal during the impact, then 


(+) mv = (m + Mw 
o= (r 


When t = 0,0 = ( 


m : 
mE 3 Jo Thus Eq. (3) gives 


m 7 a m Vo 
(o= Cou £ (e 


And Eqs. (2) becomes 


m Vo —(c/2mr}t ç; 
= =r sın t 
raa 
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22-75. Continued 


The maximum compression of the spring occurs when 


sin wqgt = 1 


T 
Out = 5. 


p= TT 
2wa 


Substituting this result into Eq. (4), 


Xma (a ern + M)\(zin) 


m+M Wd 


H N ( c ) | 2k g 1 
owever, = = 

oe mr 2mr m+M Am+My 2(m+ M) 
V8k(m + M) — œ. Substituting this result into Eq. (5), 


2MVo 4 
— e | 2V8k(m + M) — c?) 
V8k(m + M) - ¢ 


Ans: 


nue 2mv oo 7e/(2V8k(m+M)—C) 
max 
8k(m + M) — ¢ 
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*22-76. 


Determine the differential equation of motion for the 
damped vibratory system shown. What type of motion 
occurs? Take k = 100 N/m, c = 200 N-s/m,m = 25 kg. 


SOLUTION 


Free-body Diagram: When the block is being displaced by an amount y vertically 
downward, the restoring force is developed by the three springs attached the block. 


Equation of Motion: 


+1ZF, = 0; 2cy — mg = -mý 


my + 2cy + 3ky = 0 (1) 


Here, m = 25 kg, c = 200 N- s/m and k = 100 N/m. Substituting these values into 
Eq. (1) yields 


25% + 400) + 300y = 0 


y+ 16y + 12y =0 Ans. 


Comparing the above differential equation with Eq. 22-27, we have m = lkg, 


k 12 
c = 16 N-s/m and k = 12 N/m. Thus, w, = ,/— = , T = 3.464 rad/s 
m 


ce = 2me, = 2(1)(3.464) = 6.928 N -s/m 


Since c > cą, the system will not vibrate. Therefore it is overdamped. 


Ans: 

y + loy + 12y = 0 

Since c > Ce the system will not vibrate. 
Therefore it is overdamped. 
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22-77. 


Draw the electrical circuit that is equivalent to the 
mechanical system shown. Determine the differential 
equation which describes the charge q in the circuit. 


F = Fy cos wt 


SOLUTION 


For the block, 


mx + cx + kx = Fo cos wt 


Using Table 22-1, 


1 
Lq + Rq + (aq = Eo cos wt 


2 
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22-78. 


Draw the electrical circuit that is equivalent to the 
mechanical system shown. What is the differential equation 
which describes the charge q in the circuit? 


SOLUTION 
For the block, 


mx + cx + 2k =0 


Using Table 22-1, 


x : 2 
Lq + Ra + (G)q = 0 
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22-79. 


Draw the electrical circuit that is equivalent to the 
mechanical system shown. Determine the differential 
equation which describes the charge q in the circuit. 


SOLUTION 


For the block 


my +cy+ky=0 


Using Table 22-1 
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